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(57)Abstract : 

PROBLEM TO BE SOLVED: To provide a rare-earth bonded magnet that has excellent 
magnetic characteristics and is excellent in required characteristics, such as the 
corrosion resistance, etc., and to provide a method of manufacturing the magnet. 
SOLUTION: This rare-earth bonded magnet has a molded magnet body containing 
rare-earth alloy powder and a coupling agent and a plated coating film provided on 
the surface of the magnet body. The rare-earth alloy powder has a composition 
expressed by the compositional formula of (Fel-mTm)lOO-x-y-zQxRyMz (wherein, T, Q, R 
and M respectively denote one ore more kinds of element selected out of Co and Ni , 
at least one kind of element selected out of B and C and certainly containing B, one 
or more kinds of rate-earth elements substantially containing no La nor Ce, and at 
least one kind of metallic element selected from among Ti , Zr, and Hf and certainly 
containing Ti , and x, y, z and m denote percentage compositions (at.%) respectively 
meeting the inequalities of 10<x=20, 6<y=10, 0.1=z=12, and 0=m=0.5). 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]A rare earth system bond magnet comprising: 

A magnet Plastic solid containing rare earth alloy powder and a binding material. 
Have the plating tunic provided in the surface of said magnet Plastic solid, and 
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said rare earth alloy powder, empirical formula (Fel-mTm) 100-x-y-zQxRyMz (one or 
more sorts of elements chosen from a group which T becomes from Co and nickel.)- At 
least one sort of elements which Q is the element chosen from a group which consists 
of B and C, and certainly contain B, One or more sorts of rare earth elements and M 
in which R does not contain La and Ce substantially Ti , At least one sort of 
metallic elements which are metallic elements chosen from a group which consists of 
Zr and Hf, and certainly contain Ti , The composition ratio x, y, and z and m, 
respectively 10<x<=20atom%, it has 6<y<10atom%, 0.1<=z<=12atom%, and the 
presentation expressed with 0<=m<=0.5, And Ti content nano composite magnet powder 
particles which contain two or more kinds of ferromagnetic crystal phases, and have 
an organization where an average crystal grain diameter of not less than 10-nm 200 
nm or less and a soft magnetic phase has an average crystal grain diameter of a hard 
magnetic phase within the limits of 1 nm or more 100 nm or less. 

[Claim 2]The rare earth system bond magnet according to claim 1 with which, as for 
said rare earth alloy powder, particle diameter contains said Ti content nano 
composite magnet powder particle of 53 micrometers or less in more than 10 mass %. 
Claim 3]The rare earth system bond magnet according to claim 1 or 2 with which, as 
or said rare earth alloy powder, particle diameter contains said Ti content nano 
composite magnet powder particle of 38 micrometers or less in more than 8 mass %. 
[Claim 4]The rare earth system bond magnet according to any one of claims 1 to 3 
with which said rare earth alloy powder 70 mass % Contains a powder particle which 
has an aspect ratio within the limits of 1.0 or less [ 0.3 or more ]. 
[Claim 5]The rare earth system bond magnet according to any one of claims 1 to 4 
obtained when said Ti content nano composite magnet powder particle grinds a 
quenching alloy with a not less than 60-micrometer thickness [ average ] of 300 
micrometers or less. 

[Claim 6]The rare earth system bond magnet according to any one of claims 1 to 5 
obtained when said Ti content nano composite magnet powder particle grinds a 
quenching alloy produced using the strip cast method. 

[Claim 7]The rare earth system bond magnet according to any one of claims 1 to 6 
with which said magnet Plastic solid is fabricated using compression forming. 
[Claim 8]The rare earth system bond magnet according to any one of claims 1 to 7 
whose thickness of said plating tunic is not less than 5 micrometers 30 micrometers 
or less. 

[Claim 9]The rare earth system bond magnet according to any one of claims 1 to 8 
which has ring form. 

[Claim 10] A motor provided with the rare earth system bond magnet according to any 
one of claims 1 to 9. 

[Claim ll]empirical formula (Fel-mTm) 100-x-y-zQxRyMz (one or more sorts of elements 
chosen from a group which T becomes from Co and nickel.) At least one sort of 
elements which Q is the element chosen from a group which consists of B and C, and 
certainly contain B, One or more sorts of rare earth elements and M in which R does 
not contain La and Ce substantially Ti , At least one sort of metallic elements which 
are metallic elements chosen from a group which consists of Zr and Hf, and certainly 
contain Ti , The composition ratio x, y, and z and m, respectively 10<x<=20atom%, It 
has 6<y<10atom%, 0 . l<=z<=12atom%, and the presentation expressed with 0<=m<=0.5, 
Contain two or more kinds of ferromagnetic crystal phases, and an average crystal 
grain diameter of a hard magnetic phase And not less than 10 nm 200 nm or less. Rare 
earth alloy powder containing Ti content nano composite magnet powder particles 
which have an organization which has an average crystal grain diameter of a soft 
magnetic phase within the limits of 1 nm or more 100 nm or less, A manufacturing 
method of a rare earth system bond magnet which includes a process of forming a bond 
magnet Plastic solid containing a binding material, and a process of forming a 
plating tunic in the surface of said bond magnet Plastic solid. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 

:oooi] 

^Field of the lnvention]Especially this invention relates to a rare earth system 
Dond magnet with which the plating tunic was formed in the surface of a magnet 
Plastic solid, and a manufacturing method for the same about a bond magnet and a 
manufacturing method for the same. 
[0002] 

[Description of the Prior Art]Now, the bond magnet is used for electric appliances, 
such as various motors, an actuator, a loudspeaker, meter, and a focal convergence 
ring. A bond magnet is a magnet manufactured by mixing a binding material (resin and 
low melting point metal) with the after alloy powder for magnets (magnet powder), 
and carrying out shaping solidification, 

[0003]Conventionally , the Fe-R-B system magnet powder currently sold from 
Magnequench international (it carries out abbreviated to "MQI" hereafter.) and what 
is called MQ powder are widely used as magnet powder for bond magnets. Generally MQ 
powder is FelOO-a-bBaRb (as for Fe, boron and R iron and B) . It was expressed with 
the empirical formula of at least one sort of rare earth elements chosen from the 
group which consists of Pr, Nd, Dy, and Tb, and a and b in this empirical formula 
have satisfied the relation of latom%<=a<=6atom% and ten atom %<= b<=25-atom %. 
The content b of R is high rare earth alloy powder. 

[0004]The after alloy powder for the conventional bond magnets represented by MQ 
powder is produced by carrying out the rapid solidification of the fused raw 
material alloy (namely, "molten metal"). As this melt quenching method (the melt 
quenching (melt-quenching) method), the single rolling method (typically the melt 
spinning (mel t-spi ni ng) method) is used in many cases. The single rolling method is 
the method of cooling and solidifying by making the cooling roller turning around a 
molten metal contact, when based on this method, the shape of a quenching alloy 
becomes what was extended in the shape of a thin band (ribbon) in accordance with 
the surface-peripheral -velocity direction of a cooling roller. Thus, after the 
produced quenching alloy thin band is heat-treated, it is ground so that mean 
particle diameter may be set to 300 micrometers or less (typically about 150 
micrometers), and serves as rare earth alloy powder for permanent magnets. Below, it 
shall suppose that the above-mentioned rare earth alloy powder produced with the 
melt quenching method is only called "the conventional quenching magnet powder", and 
the below-mentioned nano composite magnet powder shall not be included. 
[0005]Conventional quenching magnet powder and resin (here, rubber or an elastomer 
shall be included) are mixed, and the compound for bond magnets (it is only 
hereafter called a "compound".) is prepared. Additive agents, such as lubricant and 
a coupling agent, may be mixed by this compound. 

[0006]This compound is fabricated to desired shape, for example by compression 
molding, extrusion molding, or injection molding, and the bond magnet as a Plastic 
solid (it is also called a "permanent magnet body".) of a permanent magnet is 
obtai ned . 

[0007]various characteristics are required of a bond magnet besides magnetic 
properties. However, the characteristic needed is not filled when a bond magnet 
Plastic solid is used as it was. 

[0008] For example, the magnet Plastic solid using resin as a binding material has 
intrinsically weak mechanical strength, and the Plastic solid of the shape of thin 
meat, such as a ring type magnet which is used especially for a motor etc. and by 
which compression molding was carried out, tends to produce a crack and a chip. 
Therefore, if a bond magnet Plastic solid is used as it is, problems, such as 
destruction of a magnet Plastic solid, will occur at the time of motor inclusion. 
[0009]lf a bond magnet Plastic solid is used as it is, various problems -- the 
magnet grain child who dropped out of the surface of the bond magnet Plastic solid 
disperses in the incorporated parts, and affects motor operation — will be caused. 
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If a bond magnet Plastic solid is used for the parts (spindle motor etc.) for hard 
disk drive apparatus (HDD) especially used for a computer etc. as it is, The magnet 

?rain child who dropped out of the surface of the magnet Plastic solid may cause the 
atal problem of destroying the information recorded magnetically. 
[0010]lf a Plastic solid is used as it is when including in parts by pasting up a 
magnet, it is difficult to obtain sufficient adhesive strength to both the resin 
part (binding material portion) of a bond magnet Plastic solid, and a magnet powder 
portion, and the kind of usable adhesives may be restricted. 

[0011]lt is proposed that especially the bond magnet with little content of the 
binding material produced by compression molding and extrusion molding covers the 
surface of a magnet Plastic solid with a plating tunic in order to prevent 

?enerating of an above-mentioned problem. 
0012] 

[Problem(s) to be Solved by the lnvention]However , although the conventional 
quenching magnet powder represented by MQ powder has outstanding magnetic 
properties, since the content of a rare earth element is high, it has the problem 
that corrosion resistance is low. 

[0013]Comparatively many rare earth elements are eluted in plating liquid by the 
morphosis of a plating tunic, formation of a plating tunic is checked, substitution 
plating arises, or the once eluted rare earth element is again incorporated into a 
plating tunic. The adhesion of a plating tunic or corrosion resistance which were 
formed may not be acquired. Since a good tunic will no longer be obtained if the 
rare earth element eluted in this plating liquid is accumulated into plating liquid, 
renewal of plating liquid is needed, or disassembly of plating liquid takes place in 
a nonelectrolytic plating process. 

[0014]ln order that a rare earth element may oxidize easily, the conventional 
quenching magnet powder has the problem that magnetic properties deteriorate easily 
by oxidation of a rare earth element. 

[0015]Since the conventional quenching magnet powder needs a comparatively high 
quenching rate in a quenching process. As a result of being produced by pulverizing 
the thin quenching alloy thin object (50 micrometers or less in thickness typically 
about 20 micrometers - about 40 micrometers) quenched with high roll surface 
peripheral velocity (for example, not less than 15 m/(second)J, the shape of 
particles is flat and most aspect ratios of the powder particle are less than 0.3. 
Thus, since particles are destroyed and the new surface is exposed by the production 
processes and forming process of a compound, as for the magnet powder which has flat 
shape, a corrosion-resistant fall and the fall of the magnetic properties by surface 
oxidation may take place, in this specification, an aspect ratio points out (the 
minor-axis direction size / major axis direction size) of particles. 
[0016]ln order to improve the magnetic properties of a bond magnet, even if it is 
going to make the filling factor of magnet powder high, it is difficult to make high 
the filling factor of magnet powder which has flat shape. 

[0017] If the magnet powder which has flat shape is used, what is called an spring 
back phenomenon in which the density of a Plastic solid decreases at the time of the 
pressure release in compression molding will happen, and, as a result, an opening 
will be easy to be formed in a Plastic solid. If an opening is formed in the surface 
of a magnet Plastic solid, formation of a plating tunic will be checked or a pinhole 
will be easy to be formed in a plating tunic, if plating liquid etc. advance and 
remain in an opening, the corrosion of magnet powder will take place. Since the 
conventional quenching magnet powder contains many rare earth elements (R) , it 
generates hydroxide of R, etc. as a corrosion product. It not only reduces magnetic 
magnetic properties, but especially generation of hydroxide of this R advances 
easily [ the range with wide corrosion reaction ] with big cubical expansion to a 

generate time, if corrosion takes place under a plating tunic, a fatal defect called 
listering of a plating tunic will be produced with a corrosion product. 
[0018] A plating tunic is formed in the bond magnet using the powder of the 
conventional flat shape represented by MQ powder from these viewpoints, and in order 
to obtain the bond magnet which has sufficient corrosion resistance, more 
complicated processing (for example, an opening is filled beforehand (sealing)) will 
be required, in order to acquire sufficient corrosion resistance, when a thick film 
is formed, magnetic sensitive volume may decrease, or the magnetic gap in magnetic 
circuits, such as a motor, may become large, and decline in the utilization 
efficiency of magnetic energy may be caused. 
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[0019]0n the other hand, the nano composite magnet (called "replacement spring 
magnet".) powder of an iron group rare earth alloy (especially Fe-R-B system) is 
used from the advantage that cost is comparatively cheap, as magnet powder used for 
a bond magnet in recent years, in the same metal texture in the micro crystallite of 
the iron group boride which are soft magnetic phases, such as Fe3B and Fe23B6, for 
example, and the micro crystallite of the R2Fel4 B phase which is a hard magnetic 
phase, the nano composite magnet of a Fe-R-B system is distributed uniformly. Both 
are the iron group alloy permanent magnets magnetically united by the exchange 
interaction (for example, refer to Japanese Patent Application No. No. 362103 [ 11 
to ] and the application for patent No. 371788 [ 2000 to ] by an applicant for this 
patent). However, the nano composite magnet powder of the conventional Fe-R-B system 
has the comparatively low content of a rare earth element, and the volume ratio of a 
hard magnetic phase is 30% or less typically. Therefore, since magnetic properties 
(for example, coercive force HcJ) were low compared with the conventional quenching 
magnet powder (MQ powder etc.), there is a problem that the bond magnet which has 
sufficient magnetic properties is not obtained, for example, it was not able to 
apply to the motor of HDD, etc. 

[0020]in light of the above-mentioned circumstances, this invention is a thing. 
The purpose is to provide a rare earth system bond magnet which has outstanding 
magnetic properties and was excellent in demand characteristics, such as corrosion 
resistance, and a manufacturing method for the same. 

[0021] 

[Means for Solving the Problem] Have a rare earth system bond magnet by this 
invention, and a magnet Plastic solid containing rare earth alloy powder and a 
binding material and a plating tunic provided in the surface of said magnet Plastic 
solid said rare earth alloy powder, empirical formula (Fel-mTm) 100-x-y-zQxRyMz (one 
or more sorts of elements chosen from a group which T becomes from Co and nickel.) 
At least one sort of elements which Q is the element chosen from a group which 
consists of B and C, and certainly contain B, One or more sorts of rare earth 
elements and M in which R does not contain La and Ce substantially Ti , At least one 
sort of metallic elements which are metallic elements chosen from a group which 
consists of Zr and Hf, and certainly contain Ti , The composition ratio x, y, and z 
and m, respectively 10<x<=20atom%, It has 6<y<10atom%, 0.1<=z<=12atom%, and the 
presentation expressed with 0<=m<=0.5, And an average crystal grain diameter of a 
hard magnetic phase contains Ti content nano composite magnet powder particles which 
have an organization which has an average crystal grain diameter of not less than 
10-nm 200 nm or less and a soft magnetic phase within the limits of 1 nm or more 100 
nm or less by containing two or more kinds of ferromagnetic crystal phases. 
[0022]As for said rare earth alloy powder, it is preferred that particle diameter 
contains said Ti content nano composite magnet powder particle of 53 micrometers or 
less in more than 10 mass %. 

[0023] As for said rare earth alloy powder, it is preferred that particle diameter 
contains said Ti content nano composite magnet powder particle of 38 micrometers or 
less in more than 8 mass %. 

[0024] As for said rare earth alloy powder, it is preferred 70 mass % That a powder 
particle which has an aspect ratio within the limits of 1.0 or less [ 0.3 or more ] 
is included. 

[0025]As for said Ti content nano composite magnet powder particle, it is preferred 
to be obtained by grinding a quenching alloy with a not less than 60-mi crometer 
thickness [ average ] of 300 micrometers or less. 

[0026]As for said Ti content nano composite magnet powder particle, it is preferred 
to be obtained by grinding a quenching alloy produced using the strip cast method. 
[0027]As for said magnet Plastic solid, being fabricated using compression forming 
is preferred. 

[0028] As for thickness of said plating tunic, it is preferred that it is [ not less 
than 5 micrometer ] 30 micrometers or less. 

[0029]lt is suitably used as a rare earth system bond magnet which has ring form. 
[0030]A rare earth system bond magnet of this invention is used suitably for a 
motor . 

[0031]A manufacturing method of a rare earth system bond magnet by this invention, 
empirical formula (Fel-mTm) 100-x-y-zQxRyMz (one or more sorts of elements chosen 
from a group which T becomes from Co and nickel.) At least one sort of elements 
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which Q is the element chosen from a group which consists of B and C, and certainly 
contain B, One or more sorts of rare earth elements and M in which R does not 
contain La and Ce substantially Ti , At least one sort of metallic elements which are 
metallic elements chosen from a group which consists of Zr and Hf, and certainly 
contain Ti , The composition ratio x, y, and z and m, respectively 10<x<=20atom%, It 
has 6<y<10atom%, 0. l<=z<=12atom%, and the presentation expressed with 0<=m<=0.5, 
Contain two or more kinds of ferromagnetic crystal phases, and an average crystal 
grain diameter of a hard magnetic phase And not less than 10 nm 200 nm or less, Rare 
earth alloy powder containing Ti content nano composite magnet powder particles 
which have an organization which has an average crystal grain diameter of a soft 
magnetic phase within the limits of 1 nm or more 100 nm or less, A process of 
forming a bond magnet Plastic solid containing a binding material, and a process of 
forming a plating tunic in the surface of said bond magnet Plastic solid are 
i ncl uded . 
[0032] 

[Embodiment of the lnvention]The magnet Plastic solid in which the bond magnet by 
this invention contains rare earth alloy powder and a binding material. It has the 
plating tunic provided in the surface of the magnet Plastic solid, and rare earth 
alloy powder (it abbreviates to "magnetic powder" hereafter.) contains Ti content 
nano composite magnet powder (it abbreviates to "Ti content nano composite magnetic 
powder" hereafter . ) . 

[0033]Ti content nano composite magnetic powder which the bond magnet of this 
invention contains, empirical formula (Fel-mTm) 100-x-y-zQxRyMz (one or more sorts 
of elements chosen from the group which T becomes from Co and nickel.) At least one 
sort of elements which Q is the element chosen from the group which consists of B 
and C, and certainly contain B, One or more sorts of rare earth elements and M in 
which R does not contain La and Ce substantially Ti , At least one sort of metallic 
elements which are metallic elements chosen from the group which consists of Zr and 
Hf, and certainly contain Ti , The composition ratio x, y, and z and m, respectively 
10<x<=20atom%, It has 6<y<10atom%, 0 . l<=z<=12atom%, and the presentation expressed 
by 0<=m<=0.5, And two or more kinds of ferromagnetic crystal phases are contained, 
and the average crystal grain diameter of a hard magnetic phase has an organization 
which has an average crystal grain diameter of not less than 10-nm 200 nm or less 
and a soft magnetic phase within the limits of 1 nm or more 100 nm or less. As for 
Ti content nano composite magnetic powder, it is preferred that the composition 
ratio X, y, and z in the above-mentioned empirical formula and m satisfy 
10<x<17atom%, 7<=y<=9. 3atom%, and 0.5<=z<=6 atom %, respectively, and it is still 
more preferred to satisfy 8<=y<=9.0. At the time of 15< x<=20 atom %, it is 
preferred to satisfy 3.0< z< 12-atom %. 

[0034] Si nee Ti content nano composite magnetic powder has above presentations and 
organizations. Although the hard magnetic phase and the soft magnetic phase have 
joined together by the magnetic exchange interaction and the content of a rare earth 
element is comparatively tow, it has the magnetic properties which were equivalent 
to the conventional quenching magnet powder, or were superior to the conventional 
nano composite magnet powder which has the outstanding magnetic properties beyond it 
and makes Fe3 B phase a main phase further (especially coercive force Hc3 is high). 
Ti content nano composite magnetic powder used for the bond magnet of this invention 
specifically. Can realize and more than Maximum energy product (BH) max:70 kj/m3 
more than coercive force HcJ:700 kA/m and more than residual magnetic flux density 
Br:0.7T further. Maximum-energy-product (BH) max: More than coercive force HcJ:800 
kA/m and more than residual magnetic flux density Br:0.8T are [ more than 90 kJ/m3 ] 
realizable (for example, refer to the following table 3). 

[0035]Thus, since Ti content nano composite magnetic powder has the conventional 
quenching magnet powder and the magnetic properties more than equivalent, the bond 
magnet which contains Ti content nano composite magnetic powder instead of the 
conventional quenching magnet powder (for example, MQ powder) can demonstrate the 
conventional compound and the magnetic properties more than equivalent. Of course, 
it is good as a compound included as magnetic powder, and it may mix with the 
conventional quenching magnet powder and/or the conventional nano composite magnetic 
powder, and only Ti content nano composite magnetic powder may be used. 
[0036]Since there is comparatively little content of the rare earth element of Ti 
content nano composite magnetic powder used for the bond magnet of this invention, 
the corrosion resistance of the bond magnet Plastic solid acquired is excellent in 
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an essential target. To the conventional quenching magnet powder generating 
hydroxide of a rare earth element as a corrosion product, since there is 
comparatively little rare earth content of Ti content nano composite magnetic 
powder, As a corrosion product, hydroxide of Fe or the hydrated oxide (what is 
called rust) of Fe is mainly generated rather than hydroxide of a rare earth 
element. Hydroxide or the hydrated oxide of Fe has the small cubical expansion of a 
generate time, and its advance of rust is slower than hydroxide of a rare earth 
element. Therefore, in the bond magnet of this invention, survival of plating 
liquid, etc. are a certain cause, and even if rust occurs under a plating tunic, 

fenerating of problems, such as blistering of a plating tunic, will be controlled. 
0037]Since Ti content nano composite magnetic powder has comparatively little 
content of a rare earth element, there are few elution volumes of the rare earth 
element to the inside of plating liquid, as a result, generating of the problem of 
formation of a plating tunic being checked or adhesion falling is controlled, and 
the bond magnet which has sufficient corrosion resistance is obtained. Since the 
elution volume of the rare earth element from a bond magnet Plastic solid to the 
inside of a treating solution is reduced, degradation of plating liquid can be 
controlled. 

[0038]As mentioned above, the bond magnet containing Ti content nano composite 
magnetic powder by this invention not only has the conventional bond magnet and the 
magnetic properties more than equivalent, but is excellent in corrosion resistance. 
This is because the bond magnet Plastic solid which contains Ti content nano 
composite magnetic powder with the corrosion resistance of Ti content nano composite 
magnetic powder itself is protected by the plating tunic more nearly high-definition 
than before. 

[0039]Since the conventional quenching magnet powder contains comparatively a lot of 
rare earth elements R, it oxidizes easily, as a result its fall of the magnetic 
properties by oxidation on the surface of a powder particle is so remarkable that 
particle diameter is small. On the other hand, Ti content nano composite magnetic 
powder. The content of the rare earth element R is comparatively low, and also the 
small boride phase is distributing so that an R2Fel4 B phase may be surrounded. 
Furthermore, Ti is hardly contained in an R2Fel4 B phase, but exists in the inside 
of a boride phase, or the interface of an R2Fel4 B phase and a boride phase mostly. 
As a result, Ti content nano composite magnetic powder is excellent in oxidation 
resistance compared with the conventional quenching magnet powder. Therefore, since 
comparatively small particles (particle diameter is 53 micrometers or less) do not 
almost have the fall of the magnetic properties by oxidation, either, Ti content 
nano composite magnetic powder. It is preferred that particle diameter uses Ti 
content nano composite magnetic powder as a powder particle ingredient of 53 
micrometers or less among the magnetic powder contained in a bond magnet. 
[0040]when the restoration nature of magnetic powder is taken into consideration, it 
is preferred that a powder particle of 53 micrometers or less is included as for 
more than 10 mass %, and it is still more preferred that more than 20 mass % 
contains. It is preferred to use the magnetic powder in which particle diameter 
contains a powder particle of 38 micrometers or less in more than 8 mass % for the 
compound for acquiring a high-density Plastic solid. Although particle diameter 
contains a powder particle of 53 micrometers or less in more than 20 mass %, if it 
is Ti content nano composite magnetic powder, the magnetic properties of the 
magnetic powder for bond magnets will not fall, and if particle diameter compares 
with the magnetic powder for bond magnets containing an equivalent amount of 
conventional quenching magnet powder of 53 micrometers or less rather, magnetic 

froperties will improve. 
0041] General ly, especially in order for the magnetic powder for bond magnets to 
comprise a particle of 500 micrometers or less Ctypically 300 micrometers or less) 
and for a maximum droplet size to raise the restoration nature of magnetic powder, 
it is preferred that particle diameter contains 53 micrometers or less of particles 
of 38 micrometers or less to some extent. However, since the conventional quenching 
magnet powder was inferior in the magnetic properties of particles with small 
particle diameter as mentioned above, in order to raise magnetic properties, a 
sacrifice fake colander was not obtained for restoration nature, but magnetic 
properties needed to be sacrificed reverse in order to improve restoration nature. 
[0042]On the other hand, since Ti content nano composite magnetic powder has 
magnetic properties excellent also in particles with small particle diameter, even 
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if it prepares the magnetic powder containing comparatively many small particles 
(particle diameter is 53 micrometers or less), magnetic properties do not fall. For 
example, in order to improve restoration nature, even if it prepares the magnetic 
powder of particle size distribution which is indicated by 3P, 63-155601, A, it is not 
necessary to sacrifice magnetic properties. Adjustment of particle size distribution 
is performed by classifying Ti content nano composite magnetic powder produced by 
the above methods if needed. 

[0043]As for comparatively small particles, such as 53 micrometers or less, in 
particle diameter, the surface area of the particles per unit volume becomes large. 
Therefore, there was a problem that the elution volume per unit volume of particles 
increased, about the problem of elution of the rare earth element in the morphosis 
of the above-mentioned plating film. On the other hand, since there is comparatively 
little content of a rare earth element and particles with small particle diameter 
also have few elution volumes of the rare earth element to the inside of plating 
liquid as above-mentioned, Ti content nano composite magnetic powder can control 
this problem. 

[0044] when the magnetic powder containing Ti content nano composite magnetic powder 
was used, and it mixes with the conventional quenching magnet powder and uses, the 
effect of improving the magnetic properties of the bond magnet a moldability is not 
only improved, but obtained is acquired. This by using not only the difference of 
magnetic properties between Ti content nano composite magnetic powder and the 
conventional quenching magnet powder but Ti content nano composite magnetic powder. 
As a result oi^ becoming possible to reduce the temperature of the manufacturing 
process of the compound for bond magnets, or the forming cycle of a bond magnet, it 
is because the fall of the magnetic properties by oxidation of the conventional 
quenching magnet powder in a bond magnet can also be controlled. Namely, the bond 
magnet of this invention the Ti content nano composite magnetic powder itself is not 
only excellent in oxidation resistance, but. Since oxidation of the conventional 
quenching magnet powder inferior to the oxidation resistance which is mixed with Ti 
content nano composite magnetic powder, and is used in manufacture of a bond magnet 
can also be controlled, it excels in magnetic properties. 

[0045]Since restoration nature is improved by using Ti content nano composite 
magnetic powder whose particle diameter is comparatively small as mentioned above as 
a result, it is controlled that an opening is formed in the surface of a bond magnet 
Plastic solid. As a result, even if few plating tunics of a pinhole can be formed on 
the surface of a Plastic solid and it makes thickness of a plating tunic smaller 
than before, sufficient corrosion resistance can be acquired. 

[0046]Namely , by the ability to shorten conventionally the time which formation of 
the plating tunic for acquiring desired corrosion resistance by using Ti content 
nano composite magnetic powder takes. It not only can lower the manufacturing cost 
of a bond magnet, but it can meet the demand to close dimensional accuracy, a 
miniaturization of parts, etc. which are required of the magnet computer department 
articles, such as HDD, and for various motors. When using the bond magnet of this 
invention for a motor, since the magnetic gap between a rotor/stator can be made 
small, the motor characteristic outstanding as a result can be demonstrated by thin 
film-ization of a plating tunic. 

[0047]when an aspect ratio makes more than 70 mass % of the whole rare earth alloy 
powder which the bond magnet of this invention contains or more 0.3 1.0 or less 
powder particle, restoration nature can be improved further and the springback at 
the time of compression molding can be controlled. Therefore, a Plastic solid with 
still few openings can be acquired. As a result, while it becomes possible to reduce 
further the problem of pinhole generating at the time of plating film formation, and 
the corrosion by plating liquid remaining in an opening and the film formation which 
has higher corrosion resistance with a thin film becomes possible. Since a method 
simpler than the conventional compression-molding bond magnet can be adopted even 
when temporary more perfect sealing is required, it becomes possible to obtain the 
bond magnet which has a desired function by low cost. 

[0048]An aspect ratio cannot break or more 0.3 1.0 or less powder particle easily at 
the time of shaping, and it becomes possible to employ the effect of the surface 
treatment (covering to a coupling agent or lubricant, or chemical conversion) to 
magnet powder in the maximum efficiently. As the result, the corrosion resistance of 
a bond magnet Plastic solid itself can be improved, and low-cost-izing accompanying 
thin-film-izing of a plating tunic, improvement in dimensional accuracy, and 
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improvement in the motor characteristic can be aimed at as a result. 
[0049]Ti content nano composite magnetic powder which the bond magnet by this 
invention contains may be produced by work of Ti also by cooling a molten metal with 
a cooling rate (10 2 - 10 6-'-' / second) later than the conventional quenching magnet 
powder so that it may explain in full detail behind. For example, the alloy which 
was excellent in magnetic properties as for 15 m/second or less in roll surface 
peripheral velocity can be obtained. Therefore, even if it produces a quenching 
alloy (thin band) thicker than before, for example, a not less than 60-micrometer 
quenching alloy, using the strip cast method, the above-mentioned metal texture can 
be obtained. Since the strip cast method is excellent in mass production nature, Ti 
content nano composite magnetic powder which has stable magnetic properties may be 
manufactured comparatively cheaply. 

[0050]So that a with a not less than 60-micrometer [ thickness of 300 micrometers or 
less ] quenching alloy may be formed and the mean particle diameter of magnetic 
powder may be set to 70 micrometers, using the strip cast method. For example, by 
grinding using a pin disc mill, the powder in which an aspect ratio consists of or 
more 0.3 1.0 or less particle can be obtained easily. Since the quenching alloy of 
Ti content nano composite is constituted by the crystal grain more detailed than the 
conventional quenching alloy, it is fractured in accordance with a random direction, 
and it is cheap and a homaxial powder particle (an aspect ratio is [ one ] near) is 
easy to be generated. Therefore, the powder in which an aspect ratio consists of 0.4 
or more particles can also be easily obtained by adjusting grinding conditions etc. 
[0051]Therefore , when an aspect ratio makes more than 70 mass % of the rare earth 
alloy powder which the bond magnet of this invention contains 0.3 or more powder 
particles, an aspect ratio can use Ti content nano composite magnetic powder as 0.3 
or more powder particles. 

[0052] Si nee Ti content nano composite magnetic powder contained in the bond magnet 
of this invention is excellent in oxidation resistance as mentioned above, the still 
more nearly following effects can be acquired. 

[0053]At tine temperature (for example, 300 "") to which shaping of a bond magnet is 
carried out, Ti content nano composite magnetic powder cannot oxidize easily so that 
it may explain in full detail, referring to Table 1 behind. The compound containing 
Ti content nano composite magnetic powder cannot receive the influence of oxidation 
of magnetic powder easily in the preparation process of a compound, and is 
maintaining the magnetic properties which were excellent in Ti content nano 
composite magnetic powder, in mixing and using Ti content nano composite magnetic 
powder, the conventional quenching magnet powder, and/or the conventional nano 
composite magnetic powder, It is preferred that the oxygen content after neglecting 
it in the atmosphere for 1 hour with not less than 300 the cooking temperature at 
350 or less prepares the magnetic powder which is less than 0.24 mass %, and 
produces a bond magnet using this. 

[0054] Si nee Ti content nano composite magnetic powder has the outstanding oxidation 
resistance, Resin (for example, the amount grade article of polymers of various 
resin, such as polyimide and a liquid crystal polymer) with high melting point or 
softening temperature which was difficult to use it conventionally, and the metal 
whose melting point is higher than before can be used as a binding material. For 
example, softening temperature excels [ softening temperature ] in magnetic 
properties by injection molding process using not less than 250 thermoplastics 
still like polyphenylene sulfide resin, and it can acquire not less than 180 of 
bond magnet Plastic solids with few openings on the surface. The softening 
temperature in this specification points out the temperature searched for by vicat 
softening point examination (for example, JIS K6870) also about which resin of 
crystalline polymer and amorphous resin. Also when using thermosetting resin, the 
resin hardened with curing temperature higher than before can be used. Since the 
magnetic powder itself is excellent in corrosion resistance, even if it performs 
heat-curing processing in the atmosphere, degradation of magnetic characteristics is 
very small. Therefore, since it is not necessary to perform heat-curing processing 
by an inert atmosphere, process expense is reducible. Since heating degasifying for 
suppressing generating of the outgas which poses a problem by HDD etc. by such 
heat-resistant resin being employable can be performed more at an elevated 
temperature, the bond magnet which was suitable by HDD etc. can be obtained. 
[0055]Thus, by using resin in which softening temperature is higher than before, and 
resin with high curing temperature, the characteristics (heat resistance, a 
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mechanical characteristic, etc.) of a bond magnet are improvable, in mixing and 
using Ti content nano composite magnetic powder, the conventional quenching magnet 
powder, and/or the conventional nano composite magnetic powder from a viewpoint of a 
heat-resistant oxidizing quality. It is preferred that the increase in mass by the 
oxidation at the time of neglecting it for 10 minutes produces a bond magnet using 
the compound of less than 0.26 mass % at 400 ** in the atmosphere. 
[0056]Outstanding magnetic properties, corrosion resistance which Ti content nano 
composite magnetic powder mentioned above has, in order to fully use oxidation 
resistance and a moldability and mobility, and all the effects that solve the 
problem of elution of the rare earth element at the time of plating film formation 
further. It is preferred to use more than 70 mass % of the whole magnetic powder as 
Ti content nano composite magnetic powder, and it is most preferred to produce a 
bond magnet only using Ti content nano composite magnetic powder. 
[0057]Since according to this invention the voidage of a Plastic solid can be 
decreased and the bond magnet in which a magnetic powder filling factor is higher 
than before can be obtained, the bond magnet in which magnetic properties excelled 
before further is provided. If it fabricates with compression forming, using 
thermosetting resin as resin, the filling factor of magnetic powder can obtain 
easily the bond magnet more than 80 volume %. when fabricating by injection molding 
process, using thermoplastics as resin, the filling factor of magnetic powder can 
obtain easily the bond magnet more than 60 volume %. 

[0058] Below, a rare earth system bond magnet by this invention and a manufacturing 
method for the same are explained still in detail. 

[0059] [Ti content nano composite magnetic powder] Ti content nano composite magnetic 
powder of the magnetic powder of the rare earth system bond magnet by this invention 
which uses a part at least and is contained cools the molten metal of the Fe-R-B 
system alloy containing Ti , and is formed from the quenching alloy solidified by it. 
Although this rapid solidification alloy contains a crystal phase, it is heated if 
needed and also crystallization is advanced. 

[0060]this invention person by adding Ti to the iron group rare earth alloy which 
has the presentation of a specific range, A deposit and growth of alpha-Fe phase 
used as the cause which is easy to produce in the cooling process of a molten metal, 
and checks the outstanding manifestation of magnetic properties (square shape nature 
which was especially excellent in high coercive force or a demagnetization curve) 
are controlled, It found out that crystal growth of the R2Fel4B type compound phase 
which bears hard magnetic property could be advanced preferentially and uniformly. 
[0061] when Ti is not added, alpha-Fe phase deposits in advance of a deposit and 
growth of a Nd2Fel4 B phase, and it is easy to grow up. Therefore, in the stage 
which the crystallization heat treatment to a quenching alloy completed, alpha-Fe 
phase of soft magnetism becomes big and rough, and outstanding magnetic properties 
(especially HcJ and square shape nature) are not acquired. 

[0062]On the other hand, when Ti is added, in order that the kinetics (kinetics) of 
a deposit and growth of alpha-Fe phase may become late and a deposit and growth may 
take time to it, before a deposit and growth of alpha-Fe phase are completed, it is 
thought that a deposit and growth of a Nd2Fel4 B phase begin. For this reason, 
before alpha-Fe phase becomes big and rough, a Nd2Fel4 B phase grows up to be the 
state where it distributed uniformly greatly. Ti is hardly contained in a Nd2Fel4 B 
phase, but exists in the inside of iron group boride, or the interface of a Nd2Fel4 
B phase and an iron group boride phase mostly, and is considered to stabilize iron 

froup boride. 
0063]Namely, Ti content nano composite magnetic powder used for the bond magnet of 
this invention, The nano composite organization where minuteness making of the soft 
magnetic phases, such as iron group boride and alpha-Fe phase, is carried out by 
work of Ti , in which a Nd2Fel4 B phase both distributes uniformly and where the 
volume ratio of a Nd2Fel4 B phase is moreover high can be obtained. As a result, 
since coercive force and magnetization (residual magnetic flux density) increase 
compared with the case where Ti is not added and the square shape nature of a 
demagnetization curve improves, it has contributed to the magnetic properties which 
were excellent in the bond magnet obtained. 

[0064] Hereafter , Ti content nano composite magnetic powder used for the bond magnet 
of this invention is explained more to details. 

[0065] As for Ti content nano composite magnetic powder which the bond magnet by this 
invention contains at least, the empirical formula is suitably expressed by 
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lOO-x-y-z(Fel-mTm) QxRyMz. One or more sorts of elements chosen from the group which 
T becomes from Co and nickel here, At least one sort of elements which Q is the 
element chosen from the group which consists of B (boron) and C (carbon), and 
certainly contain B, One or more sorts of rare earth elements in which R does not 
contain La and Ce substantially, and M are at least one sort of metallic elements 
chosen from the group which consists of Ti , Zr, and Hf, and always contain Ti . 
[0066]As for X, y, z, and m which specify composition ratio, it is preferred 
respectively to satisfy 10<x<=20atom%, 6<y<10atom%, 0.1<=z<=12atom%, and the 
relation of 0<=m<=0.5. 

[0067]Al though the composition ratio of a rare earth element is less than the whole 
ten atom %, Ti content nano composite magnetic powder, A level equivalent to the 
case where magnetization (residual magnetic flux density) does not add Ti by 
addition of Ti is maintained, or it increases, and the unexpected effect that the 
square shape nature of a demagnetization curve improves is demonstrated. 
[0068] Si nee the size of a soft magnetic phase is detailed in Ti content nano 
composite magnetic powder. Even if each composition phase joins together by an 
exchange interaction and iron group boride and a soft magnetic phase like alpha-Fe 
exist in addition to the R2Fel4B type compound phase of hard magnetism, it becomes 
possible to show the square shape nature of the demagnetization curve outstanding as 
the whole alloy. 

[0069]Ti content nano composite magnetic powder contains suitably the iron group 
boride and alpha-Fe which have the saturation magnetization of an R2Fel4B type 
compound phase, equivalent, or saturation magnetization higher than it. This iron 
group boride is Fe3B (saturation magnetization 1.5T) and Fe23B6 (saturation 
magnetization 1.6T), for example, the time of R of the saturation magnetization of 
R2Fel4B being Nd here — about — it is 1.6T and the saturation magnetization of 
alpha-Fe is 2.1T- 

[0070]Usually, when the composition ratio x of B exceeds ten atom % and the 
composition ratio y of the rare earth element R of more than pentatomic % is 
moreover in the range below eight atom %, R2Fe23B3 is generated, but. Even if it is 
a case where the raw material alloy in such a composition range is used, by adding 
Ti like this invention, instead of an R2Fe23B3 phase, soft magnetism iron group 
boride phases, such as an R2Fel4 B phase and Fe23B6, and Fe3B, are generabte. That 
is, while being able to increase the ratio of an R2Fel4 B phase by adding Ti , the 
generated iron group boride phase contributes to the improvement in magnetization. 
[0071] According to this invention person's experiment, only when Ti was added, it 
turned out that unlike the case where the metal of other kinds, such as V, Cr, Mn, 
Nb, and Mo, is added the fall of magnetization does not arise but magnetization 
improves rather for the first time, when Ti was added, compared with other 
above-mentioned alloying elements, the square shape nature of the demagnetization 
curve became good especially. 

[0072]Such a Ti addition effect is notably demonstrated, when B exceeds ten atom %. 
Hereafter, this point is explained, referring to drawing 1. 

[0073] Drawi ng 1 is a graph which shows the relation between maximum magnetic energy 
product (BH) max of the Nd-Fe-B magnet alloy in which Ti is not added, and the 
amount of B. A white bar shows among a graph the data of the sample as for which 
more than ten atom % contains Nd below 14 atom %, and the black bar shows the data 
of the sample as for which more than eight atom % contains Nd of less than ten atom 
%. On the other hand, drawing 2 is a graph which shows the relation between maximum 
magnetic energy product (BH) max of the Nd-Fe-B magnet alloy in which Ti was added, 
and B. A white bar shows among a graph the data of the sample as for which more than 
ten atom % contains Nd below 14 atom %, and the black bar shows the data of the 
sample as for which more than eight atom % contains Nd of less than ten atom %. 
[0074]By the sample in which Ti is not added, maximum magnetic energy product (BH) 
max is falling as B increases irrespective of the content of Nd exceeding ten atom 
%, so that drawing 1 may show. Furthermore, the grade of this fall becomes large by 
the case where the content of Nd is 8-10atom%. Such a tendency is known from the 
former and it has been thought preferred in the magnet alloy which makes a Nd2Fel4 B 
phase a main phase to set the quantity of B below to ten atom %. For example, as for 
U.S. Pat. No. 4 and No. 836 or 868, B indicates the example of 5-9.5 atom %, less 
than 12 atom % is taught as a range in which B is still more preferred, and more 
than four atom % is teaching [ more than four atom % ] the range below ten atom % as 
a more desirable range. 
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[0075]On the other hand, in the sample in which Ti was added, maximum magnetic 
energy product (BH) max is improving in a certain range in which B exceeds ten atom 
% so that drawing 2 may show. This improvement is remarkable especially when the 
content of Nd is 8-10atom%. 

[0076]Thus, if B exceeds ten atom %, it will become possible to acquire the effect 
which cannot be expected by Ti addition from the conventional common general 
technical knowledge that magnetic properties deteriorate. As a result, the magnetic 
powder contributed to the feature which was excellent in the bond magnet of this 
invention which carried out point ** is obtained. 

[0077] Next, the manufacturing method of Ti content nano composite magnetic powder 
which the rare earth system bond magnet of this invention contains at least is 
expl ai ned . 

[0078] [The quenching alloy for Ti content nano composite magnetic powder] Above 
empirical formula (Fel-mTm) 100-x-y-zQxRyMz (x, y, z, and m) Respectively 
10<x<=20atom%, 6<y<10atom%, 0.1<=z<=12atom%, And the molten metal of an iron group 
alloy expressed with 0<=m<=0.5 is cooled in an inert atmosphere, and the quenching 
alloy as for which more than the whole 60 volume % contains an R2Fel4B type compound 
phase by it is produced. The average crystal grain diameter of the R2Fel4B type 
compound phase in a quenching alloy can be 80 nm or less, if it heat-treats to this 
quenching alloy if needed, the amorphous substance which remained in the quenching 
alloy can be crystallized. 

[0079] Accordi ng to the embodiment using cooling rollers, such as a melt spinning 
process and the strip cast method, the above-mentioned molten metal is cooled in the 
atmosphere of 1.3 or more kPa of pressures. Thereby, even after separating from a 
cooling roller, in response to the secondary cooling effect by a controlled 
atmosphere, a molten metal is not only quenched by contact with a cooling roller, 
but is cooled appropriately. 

[0080] According to this invention person's experiment, as for the pressure of the 
controlled atmosphere at the time of quenching, it is preferred to control by 1.3 or 
more kPa below to ordinary pressure (101.3kPa) moreover, and it is still more 
preferred to use the 10 or more kPa range of 90 or less kPa. The more desirable 
range is 60 or less kPa of 20 or more kPa. 

[0081]Under the above-mentioned ambient-gas-pressure power, the range with preferred 
roll surface peripheral velocity is not less than 4 m/second 50 m/second or less. 
When roll surface peripheral velocity becomes slower 4 m /than a second, the crystal 

grain of the R2Fel4B type compound phase contained in a quenching alloy will become 
ig and rough. As a result, by heat treatment, an R2Fel4B type compound phase may 
become still larger, and magnetic properties may deteriorate. 

[0082] Accordi ng to the experiment, the still more desirable range of roll surface 
peripheral velocity is not less than 5 m/second 30 m/second or less, and the still 
more desirable range is not less than 5 m/second 20 m/second or less. 
[0083]The presentation of Ti content nano composite magnetic powder which the bond 
magnet by this invention contains. Most big and rough alpha-Fe is not deposited in a 
quenching alloy, and the organization which has a detailed R2Fel4B type compound 
phase or the organization which has a detailed R2Fel4B type compound phase, and the 
organization where the amorphous phase was intermingled are produced. Thereby, the 
state or the highly efficient nano composite magnet which exists by an extended 
state thinly which soft magnetic phases, such as an iron group boride phase, 
distributed minutely between hard magnetic phases (grain boundary) can be obtained 
after heat treatment. Atomic arrangement shall contain not only the phase 
constituted by only the portion which carried out disordering thoroughly but the 
phase which contains selectively the precursor and micro crystallite (size: several 
nanometers or less) of crystallization, or atom clusters with the "amorphous phase" 
in this specification. Specifically, the phase which can identify a crystal 
structure clearly by neither an X diffraction nor transmission electron microscopic 
observation will be widely called an "amorphous phase." 

[0084]lf it is going to produce conventionally a quenching alloy which cools the 
molten metal which has a presentation (however, Ti is not included) similar to the 
presentation of Ti content nano composite magnetic powder which the bond magnet of 
this invention contains and as for which more than 60 volume % contains an R2Fel4B 
type compound phase. Since the alloy structure in which alpha-Fe deposited mostly 
was obtained, there was a problem that alpha-Fe will become big and rough by 
subsequent crystallization heat treatment, if soft magnetic phases, such as 
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alpha-Fe, become big and rough, magnetic properties will deteriorate greatly and the 
bond magnet which is equal to practical use will not be obtained at all. 
[0085]Like the presentation of Ti content nano composite magnetic powder which 
especially the bond magnet of this invention contains, since it was the high 
amorphous generation ability which a molten metal has when there is comparatively 
much content of B, even if it made the cooling rate of the molten metal late, the 
crystal phase was hard to be generated. Therefore, if it is going to produce a rapid 
solidification alloy in which the cooling rate of a molten metal is fully reduced, 
and the volume ratio of an R2Fel4B type compound phase exceeds 60%, in conventional 
technology, many alpha-Fe or its precursor deposited in addition to the R2Fel4B type 
compound phase, by subsequent crystallization heat treatment, big and rough-ization 
of alpha-Fe phase advanced, and magnetic properties have deteriorated greatly. 
[0086] From the above thing, in order to increase the coercive force of the raw 
material alloy for nano composite magnet magnetic powder conventionally. The cooling 
rate of the molten metal was raised, and after changing into the state where most 
rapid solidification alloys are occupied by the amorphous phase, common sense that 
it is preferred forming the organization where minuteness making was uniformly 
carried out by crystallization heat treatment from the amorphous phase existed. This 
is because it was thought that crystallization should have been performed from an 
amorphous phase by the heat treatment process which is easy to control, in order to 
obtain nano composite with the alloy structure which the detailed crystal phase 
di stri buted . 

[0087]For this reason, after producing the rapid solidification alloy which makes an 
amorphous phase a main phase by adding La excellent in amorphous generation ability 
to a raw material alloy, and quenching the molten metal of that raw material alloy. 
Both a Nd2Fel4 B phase and alpha-Fe phase are deposited and grown up by 
crystallization heat treatment. The art which makes [ about tens of nm ] any phase 
detailed is reported (it wc-Chan(s) and). et.al."THE EFFECTS OF REFRACTORY METALS ON 
THE MAGNETIC PROPERTIES OF al pha-Fe/R2Fel4B-TYPE NANOCOMPOSITES" , IEEE, Trans. 
Magn.No.5, INTERMAG. 99, Kyongiu, Korea pp . 3265-3267 , 1999. What minute amount 
addition (2atom%) of high-melting point metallic elements, such as Ti , raises 
magnetic properties for as for this paper. The desirable thing is taught when making 
the composition ratio of Nd which is a rare earth element increase from 9.5 atom % 
to 11.0 atom % carries out minuteness making of both a Nd2Fel4 B phase and the 
alpha-Fe phase. Addition of the above-mentioned refractory metal controls generation 
of boride CR2Fe23B3 and Fe3B) , and it is performed in order to produce the raw 
material alloy for magnet powder which consists only of two phases of a Nd2Fel4 B 
phase and alpha-Fe phase. 

[0088]On the other hand, at Ti content nano composite magnetic powder which the bond 
magnet of this invention contains, the deposit of alpha-Fe phase can be suppressed 
at a rapid solidification process by work of addition Ti . The magnetic powder which 
has magnetic properties outstanding by making the soft magnetic phase of iron group 
boride etc. generate in a crystallization-heat-treatment process, and controlling 
the big and rough-ization can be obtained. 

[0089]That is, using a raw material alloy with comparatively few (for example, below 
nine atom %) amounts of rare earth elements, magnetization (residual magnetic flux 
density) and coercive force are high, and the magnet powder excellent also in the 
square shape nature of a demagnetization curve can be manufactured. 
[0090]As mentioned above, the increase in the coercive force of the raw material 
alloy for Ti content nano composite magnetic powder. It realizes by moreover having 
controlled big and rough-ization of the soft magnetic phase, depositing and growing 
up a Nd2Fel4 B phase preferentially by a cooling process, and making the volume 
ratio of a Nd2Fel4 B phase increase by it. B to which the increase in magnetization 
exists in a rapid solidification alloy by work of Ti — it is generating boride 
phases, such as ferromagnetic iron group boride, from a rich nonmagnetic amorphous 
phase, and the volume ratio of the ferromagnetic phase after crystallization heat 
treatment was made to increase — it is thought that it was obtained at the sake. 
[0091]lt is preferred to form the organization containing three or more kinds of 
crystal phases which perform crystallization heat treatment and contain an R2Fel4B 
type compound phase, a boride phase, and alpha-Fe phase to the raw material alloy 
produced by making it above if needed. During this organization, the average crystal 
grain diameter of an R2Fel4B type compound phase adjusts heat treatment temperature 
and time so that the average crystal grain diameter of 200 nm or less and the boride 
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phase of not less than 10 nm, and alpha-Fe phase may be set to 1 nm or more 100 nm 
or less. Although the average crystal grain diameter of an R2Fel4B type compound 
phase is usually set to not less than 30 nm, it is set to not less than 50 nm 
depending on conditions. The average crystal grain diameter of soft magnetic phases, 
such as a boride phase and alpha-Fe phase, is set to 30 nm or less in many cases, 
and becomes only a size of several nanometers typically. 

[0092]The average crystal grain diameter of the final R2Fel4B type compound phase in 
the raw material alloy for Ti content nano composite magnetic powder is larger than 
the average crystal grain diameter of alpha-Fe phase. Drawing 3 shows the metal 
texture of this raw material alloy typically. The detailed soft magnetic phase 
distributes and exists between big R2Fel4B type compound phases relatively so that 
drawing 3 may show. Thus, since the crystal growth of the soft magnetic phase is 
controlled and the average crystal grain diameter is small enough, even if the 
average crystal grain diameter of an R2Fel4B type compound phase becomes 
comparatively large. Since each composition phase joins together magnetically by an 
exchange interaction and the magnetizing direction of a soft magnetic phase is 
restrained by the hard magnetic phase as a result, it becomes possible to show the 
square shape nature of the demagnetization curve outstanding as the whole alloy. 
[0093]why boride is easy to be generated in an above-mentioned manufacturing method. 
It is thought that it is for this B's combining with other elements by 
crystallization heat treatment, and depositing and becoming easy to grow up since 
the amorphous phase which exists in a quenching alloy will surely contain B 
superfluously when an R2Fel4B type compound phase produces the coagulation alloy 
which occupies most. However, generation of the low compound of magnetization of 
combination of this B and other elements will reduce magnetization as the whole 
alloy by it. 

[0094] According to this invention person's experiment, only when Ti was added, it 
turned out that unlike the case where the metal of other kinds, such as V, Cr, Mn, 
Nb, and Mo, is added the fall of magnetization does not arise but magnetization 
improves rather, when M (especially Ti) was added, compared with other 
above-mentioned alloying elements, the square shape nature of the demagnetization 
curve became good especially, when controlling generation of the low boride of 
magnetization from these things, Ti is considered to carry out important work 
especially. Especially when there are little B and Ti among the composition ranges 
of the raw material alloy used by production of Ti content nano composite magnetic 
powder in comparison, the iron group boride phase which has ferromagnetism by heat 
treatment deposits easily, in this case, since the volume ratio of the nonmagnetic 
amorphous phase which remains after crystallization heat treatment decreases as a 
result of incorporating B contained in a nonmagnetic amorphous phase into iron group 
boride, and a ferromagnetic crystal phase increases, it is thought that residual 
magnetic flux density Br improves. 

[0095] Hereafter , this point is explained more to details, referring to drawing 4. 
[0096]Drawing 4 is a figure showing typically change of the fine texture in the 
crystallization process of the rapid solidification alloy at the time of replacing 
with Ti and adding Nb etc., when Ti is added, when Ti is added, the grain growth of 
each composition phase is controlled also in the temperature range higher than the 
temperature to which alpha-Fe deposits, and the outstanding hard magnetic property 
is maintained. On the other hand, when metallic elements, such as Nb, v, and Cr, are 
added, the grain growth of each composition phase advances remarkably in the 
comparatively high temperature range that alpha-Fe deposits, and as a result of a 
working-to each composition interphase exchange interaction's becoming weaker, the 
square shape nature of a demagnetization curve falls greatly. 

[0097]First, the case where Nb, Mo, and w are added is explained, in this case, if 
it heat-treats in the comparatively low temperature range where alpha-Fe does not 
deposit, it is possible to obtain the good hard magnetic property excellent in the 
square shape nature of a demagnetization curve. However, in the alloy which 
heat-treated at such a temperature, it is presumed that the R2Fel4B type fine 
crystal phase distributes and exists in a nonmagnetic amorphous phase, and since the 
composition of nano composite is not formed, it cannot expect high magnetization, if 
it heat-treats at a high temperature, alpha-Fe phase deposits out of an amorphous 
phase. Unlike the case where Ti is added, after a deposit, this alpha-Fe phase grows 
rapidly and is made big and rough. For this reason, the switched connection of each 
composition interphase becomes weak, and the square shape nature of a 
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demagnetization curve will deteriorate greatly. 

[0098]On the other hand, when Ti is added, by heat treatment, the nano composite 
structure containing an R2Fel4B type crystal phase, an iron group boride phase, 
alpha-Fe phase, and an amorphous phase is acquired, and each composition phase 
carries out minuteness making uniformly, when Ti is added, growth of alpha-Fe phase 
is controlled. 

[0099] Si nee these addition metals dissolve to Fe and combine with Fe in 
antiferromagnetism when v and Cr are added, magnetization will fall greatly, when V 
and Cr are added, the grain growth accompanying heat treatment is not fully 
controlled, but the square shape nature of a demagnetization curve deteriorates. 
[OlOOlThus, only when Ti is added, big and rough-i zation of alpha-Fe phase is 
controlled appropriately, and it becomes possible to form ferromagnetic iron group 
boride. in order for Ti to delay a deposit of Fe primary phase (gamma-Fe which 
metamorphoses into alpha-Fe behind) at the time of fluid quenching, to consider it 
as the element which makes generation of a supercooled liquid easy and to carry out 
important work with B and C, It becomes possible to produce the quenching alloy in 
which an R2Fel4B type crystal phase and an amorphous phase are intermingled, without 
depositing alpha-Fe greatly, even if it makes the cooling rate at the time of 
quenching a molten metal into the value 10 2** / second - whose 10 5** / second 
grade are comparatively low. Especially this is very important for low-cost-izing in 
order to enable adoption of the strip cast method for having been suitable for mass 
production out of various melt quenching methods. 

[0101]As a method of quenching a molten metal and obtaining a raw material alloy, it 
is the method that the strip cast method for pouring out a molten metal from tundish 
on a cooling roller directly, without performing control of flow of the molten metal 
by the nozzle or an orifice has high productivity, and a manufacturing cost is low. 
In order to make amorphous the molten metal of a R-Fe-B system rare earth alloy in 
the cooling-rate range which can be attained also by the strip cast method, more 
than ten atom % usually needs to add B. since the Nd2Fe23B3 phase which is 
nonmagnetic big and rough alpha-Fe phase and soft magnetic phase besides an 
amorphous phase deposits after performing crystallization heat treatment to a 
quenching alloy when many Bis added in a Prior art, homogeneous fine crystal 
structure is not obtained. As a result, the volume ratio of a ferromagnetic phase 
falls and the sharp fall of coercive force is invited due to the fall of 
magnetization, and decline in the rate of an abundance ratio of a Nd2Fel4 B phase. 
However, if Ti is added, as mentioned above, the phenomenon of big and rough-ization 
of alpha-Fe phase being controlled will happen, and magnetization will improve 
unexpectedly. 

[0102]The magnetic properties it is more final to be in the state where many Nd2Fel4 
B phases are included, rather than the case where a quenching alloy contains many 
amorphous phases tend to obtain a high thing. As for the volume ratio of the Nd2Fel4 
B phase occupied in a quenching alloy, becoming more than 60 volume % is [ more than 
whole half ] specifically preferred. The value this 60 volume % is measured by 
Moessbauer spectroscopy. 

[0103]Next, the embodiment using the melt spinning process and the strip cast method 
which are kinds of the rolling method is described still more concretely about 
manufacture of the alloy for Ti content nano composite magnetic powder in this 
i nvention . 

[0104] Accordi ng to a <liquid-quenching-equipment> book embodiment, a raw material 
alloy is manufactured using the rapid cooling device shown in drawing 5, for 
example, in order to prevent oxidation of the raw material alloy containing the rare 
earth elements R and Fe which oxidize easily, an alloy manufacturing process is 
performed in an inert gas atmosphere. As inactive gas, rare gas and nitrogen, such 
as helium or argon, can be used. As for nitrogen, it is preferred to use rare gas, 
such as helium or argon, in order to react to the rare earth element R easily in 
compari son . 

[0105]The device of drawing 5 held a vacuum or an inert gas atmosphere, and is 
provided with the dissolution room 1 and the quenching room 2 of the raw material 
alloy which can adjust the pressure. Drawing 5 (a) is an entire configuration 
figure, and drawing 5 (b) is some enlarged drawings. 

[0106] As shown in drawing 5 (a), the dissolution room 1 is provided with the 
fol lowi ng . 

The fusion furnace 3 which dissolves the raw material 20 blended so that it might 
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become a desired magnet alloy presentation at an elevated temperature. 

The hot-water-storing container 4 which has the tapping nozzle 5 at the pars 

basilaris ossis occipitalis. 

The feed ingredient feed unit 8 for supplying a feed ingredient in the fusion 
furnace 3, controlling atmospheric penetration. 

The hot-water-storing container 4 stores the molten metal 21 of a raw material 
alloy, and has heating apparatus (un-i 1 1 ustrati ng) which can maintain the tapping 
temperature on a predetermined level. 

[0107]The quenching room 2 is provided with the rotary cooling roll 7 for carrying 
out the rapid solidification of the molten metal 21 which came out of the tapping 
nozzle 5. 

[0108]ln this device, the atmosphere in the dissolution room 1 and the quenching 
room 2 and its pressure are controlled by the predetermined range. Therefore, the 
controlled atmosphere feed hopper lb, 2b and 8b, and the gas exhaust ports la, 2a, 
and 8a are established in the suitable part of the device. Especially the gas 
exhaust port 2a is connected to the pump in order to control the absolute pressure 
in the quenching room 2 within the limits of BOkPa - ordinary pressure (atmospheric 
pressure) . 

[0109]The fusion furnace 3 can be tilted and pours in the molten metal 21 suitably 
in the hot-water-storing container 4 via the funnel 6. in the hot-water-storing 
container 4, the molten metal 21 is heated by uni 1 1 ustrated heating apparatus. 
[0110]The tapping nozzle 5 of the hot-water-storing container 4 is arranged at the 
septum of the dissolution room 1 and the quenching room 2, and makes the surface of 
the cooling roller 7 in which it is located caudad flow down the molten metal 21 in 
the hot-water-storing container 4. The orifice diameter of the tapping nozzle 5 is 
0.5-2.0 mm, for example. By this embodiment, when the viscosity of the molten metal 
21 is large, although the molten metal 21 becomes difficult to flow through the 
inside of the tapping nozzle 5, in order to hold the quenching room 2 to a pressure 
condition lower than the dissolution room 1, a pressure differential is formed 
between the dissolution room 1 and the quenching room 2, and tapping of the molten 
metal 21 is performed smoothly. 

[0111]The cooling roller 7 may be formed from the aluminum alloy from a point of 
thermal conductivity, a copper alloy, carbon steel, brass, w. Mo, and bronze. 
However, it is preferred to form from the alloy which contains Cu, Fe, or Cu and Fe 
from a viewpoint of a mechanical strength and economical efficiency. Since the 
detachability over the cooling roller of a quenching alloy will worsen if a cooling 
roller is produced with materials other than Cu or Fe, there is a possibility that a 
quenching alloy may coil around a roll, and it is not desirable. The diameter of the 
cooling roller 7 is 300-500 mm. The water-cooled capability of the water cooler 
formed in the cooling roller 7 is computed and adjusted according to the coagulation 
latent heat and the amount of tapping per unit time. 

[0112] Accordi ng to the device shown in drawing 5, the rapid solidification of a 
total of the 10-kg raw material alloy can be carried out, for example in 10 to 20 
minutes, in this way, the formed quenching alloy serves as the alloy thin band 
(thickness :10-300micrometer and width :2mm-3mm) (alloy ribbon) 22, for example. 
[0113]After adiusting at this time so that the thickness of an alloy thin band may 
be set to not less than 60 micrometers 300 micrometers or less, next crystallizing a 
rapid solidification alloy by heat treatment if needed, by grinding this alloy. The 
powder in which an aspect ratio (minor-axis direction size / major axis direction 
size) contains or more 0.3 1.0 or less particle to the whole powder particle in more 
than 70 mass %, and particle diameter contains a particle of 53 micrometers or less 
further in more than 10 mass % can be obtained. Thus, it is possible by adjusting 
the thickness of an alloy thin band and grinding it to make an aspect ratio or less 
[ 0.3 or more ] into 1.0 in [ most ] powder for example. The particle diameter in 
this application specification should be classified by the standard sieve of 
JIS8801. 

[0114]<Melt quenching method> The molten metal 21 of the raw material alloy 
expressed with the above-mentioned empirical formula is produced first, and it 
stores in the hot-water-storing container 4 of the dissolution room 1 of drawing 5. 
Next, tapping of this molten metal 21 is carried out on the water cooling roll 7 in 
decompression Ar atmosphere from the tapping nozzle 5, it is quenched by contact 
with the cooling roller 7, and is solidified. It is necessary to use the method of 
controlling a cooling rate with high precision as the rapid solidification method. 
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[0115] In the case of this embodiment, it is preferred to make a cooling rate into 
1x10 2 - 1x10 8''-' / second on the occasion of the cooling coagulation of the molten 
metal 21, and it is still more preferred to consider it as 1x10 4 - 1x10 6"" / 
second . 

[0116]The time when the molten metal 21 of an alloy is cooled by the cooling roller 
7 is equivalent to time after an alloy contacts the peripheral surface of the 
rotating cooling roller 7 until it separates, and between them, the temperature of 
an alloy falls and will be in a supercooled liquid state. Then, the alloy of a 
supercooling state separates from the cooling roller 7, and flies the inside of an 
inert atmosphere. As a result of heat's being taken by the controlled atmosphere 
while the alloy is flying by the shape of a thin band, the temperature falls 
further, in this embodiment, since the pressure of a controlled atmosphere is set up 
within the limits of 30kPa - ordinary pressure, the cooling effect by a controlled 
atmosphere can become strong, and a Nd2Fel4B type compound can be deposited and 
grown up uniformly minutely into an alloy, when the elements M, such as a suitable 

Quantity of Ti , are not added in a raw material alloy, in order that alpha-Fe may 
eposit and grow preferentially, final magnetic properties will deteriorate in the 
quenching alloy which passed through a cooling process which was mentioned above. 
[0117] By setting ambient-gas-pressure power to 30 or more kPa, in order to adjust 
roll surface speed within the limits of [ second ] not less than 10 m/second 30 m 
/or less and to heighten the secondary cooling effect by a controlled atmosphere in 
this embodiment. The quenching alloy as for which more than 60 volume % contains a 
detailed R2Fel4B type compound phase with an average crystal grain diameter of 80 nm 
or less is produced. 

[0118]As a melt quenching method for producing Ti content nano composite magnetic 
powder used for the bond magnet of this invention. It is not restricted to the melt 
spinning process which controls the flow of the molten metal supplied on the surface 
of a cooling roller by the illustrated nozzle or an orifice, but various methods, 
such as the strip cast method use neither a nozzle nor an orifice, can be used. The 
congruence rolling method for using two cooling rollers in addition to the single 
rolling method may be used. 

[0119]a1so in the above-mentioned quenching method, the cooling rate of the strip 
cast method is comparatively low, and are 10 2 - 10 5"" / second. According to this 
embodiment, by adding a suitable quantity of Ti into an alloy, even when based on 
the strip cast method, the quenching alloy in which the organization which does not 
contain Fe primary phase occupies most can be formed. Since process expense is below 
the half grade of other melt quenching methods, the strip cast method is effective 
when producing a lot of quenching alloys compared with a melt spinning process, and 
is art suitable for mass production, when not adding the element M to a raw material 
alloy, or when Cr, v, Mn , Mo, Ta, and/or w are added instead of element Ti , Since 
the metal texture containing many Fe primary phases generates even if it forms a 
quenching alloy using the strip cast method, a desired metal texture cannot be 
formed . 

[0120]The thickness of an alloy is controllable by adjusting roll surface peripheral 
velocity in a melt spinning process or the strip cast method, if thickness forms the 
alloy of the not less than 60-micrometer range of 300 micrometers or less by 
adjusting roll surface peripheral velocity, since this alloy comprises an 
above-mentioned detailed organization, it will be easy to fracture it in the 
direction of versatility according to a grinding process. As a result, the powder 
particle (an aspect ratio is [ one ] near) of homaxial shape is easy to be obtained. 
That is, the powder particle extended flat in accordance with the fixed direction is 
not obtained, but the powder particle of homaxial shape, i.e., the shape near a 
globular form, is formed. 

[0121]0n the other hand, when roll surface peripheral velocity is made quick and 
thickness of an alloy is made thinner than 60 micrometers, there is a tendency to be 
equal to a direction with a metal texture of an alloy vertical to a roll contact 
surface, like the conventional quenching magnet. Therefore, the powder particle 
which becomes easy to fracture in accordance with the direction, and was obtained by 
grinding serves as shape extended flat in accordance with the parallel direction on 
the surface of the alloy easily, and less than 0.3 powder particle is easy to 
generate an aspect ratio. 

[0122]Drawi ng 6 (a) shows typically the alloy 10 in front of the grinding process of 
the manufacturing method of the magnet powder by this embodiment, and the powder 
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particle 11 after a grinding process. On the other hand, drawing 6 (b) shows 
typically the alloy thin band 12 in front of the grinding process of the 
manufacturing method of the conventional quenching magnet powder, and the powder 
particle 13 after a grinding process. 

[0123]As shown in drawing 6 (a), since the alloy 10 before grinding is constituted 
by equiaxed grain with a small crystal grain diameter, it fractures in accordance 
with a random direction, and it is cheap and the homaxial powder particle 11 is easy 
to be generated in the case of this embodiment. On the other hand, since it is easy 
to fracture in the case of the conventional quenching alloy in the almost vertical 
direction to the surface of the alloy thin band 12 as shown in drawing 6 (b) , the 
shape of the particles 13 will become flat. 

[0124]Thus, by controlling roll surface peripheral velocity preferably 20 m/second 
from 2 m/second in the range of 8 m/second to 15 m/second, and adjusting the 
thickness of an alloy thin band to the range of 60 to 300 micrometers, An aspect 
ratio can obtain or more 0.4 1.0 or less powder preferably 0.3 or more. 
[0125] According to a <heat treatment> book embodiment, heat treatment of said 
quenching alloy is performed in argon atmosphere. Preferably, a heating rate is made 
into a second in 0.08 **/second - 20 ** /, and at not less than 550 the 
temperature of 850 ** or less, 30 seconds or more, after [ 20 or less minutes ] 
carrying out time maintenance, it cools to a room temperature, into an amorphous 
phase, the fine crystal of a metastable phase deposits and grows and nano composite 
organization is formed by this heat treatment. Since according to this embodiment it 
is at the start time of heat treatment and the detailed Nd2Fel4B type crystal phase 
has already existed in more than the whole 60 volume %, Big and rough-ization of 
alpha-Fe phase or other crystal phases is controlled, and minuteness making of each 
composition phase (soft magnetic phase) other than a Nd2Fel4B type crystal phase is 
carried out uniformly. 

[0126]lf heat treatment temperature is less than 550 many amorphous phases may 
remain and after heat treatment may not reach levels with enough coercive force 
depending on quenching conditions, if heat treatment temperature exceeds 850 the 
grain growth of each composition phase will be remarkable, residual magnetic flux 
density Br will fall, and the square shape nature of a demagnetization curve will 
deteriorate. For this reason, although not less than 550 850 or less of heat 
treatment temperature is preferred, the range of more desirable heat treatment 
temperature is not less than 570 ** 820 or less. 

[0127] According to this embodiment, the Nd2Fel4B type compound phase of quantity 
sufficient in a quenching alloy deposits uniformly and minutely for the secondary 
cooling effect by a controlled atmosphere. For this reason, even when not daring to 
perform crystallization heat treatment to a quenching alloy, the rapid 
solidification alloy itself can demonstrate sufficient magnetic properties. 
Therefore, although crystallization heat treatment is not an indispensable process, 
in order for it to be improvement in magnetic properties to perform this, it is 
preferred. It is possible for heat treatment of a low temperature to also fully 
raise magnetic properties as compared with the former. 

[0128]The heat treating atmosphere of an inert gas atmosphere is preferred in order 
to prevent oxidation of an alloy. 0. It may heat-treat in the vacuum of 1 or less 
kPa. 

[0129]lf carbon is added to a raw material alloy, the oxidation resistance of 
magnetic powder will improve further, when C of sufficient quantity is added, heat 
treatment to a quenching alloy may be performed under atmospheric air. 
[0130]ln the quenching alloy before heat treatment, the metastable phase of Fe3 B 
phase, Fe23B6, and R2Fe23B3 equality may be contained in addition to the R2Fel4B 
type compound phase and the amorphous phase. By the effect of Ti addition, an 
R2Fe23B3 phase disappears by heat treatment and in that case, [ the saturation 
magnetization of an R2Fel4 B phase and equivalent ], Or crystal growth of the iron 
group boride (for example, Fe23B6) and alpha-Fe which show saturation magnetization 
higher than it can be carried out. 

[0131] In Ti content nano composite magnetic powder contained in the bond magnet of 
this invention, even if a soft magnetic phase like alpha-Fe exists eventually, the 
grain growth is controlled by the effect of Ti and minuteness making of the 
organization is carried out. As a result, in order that a soft magnetic phase and a 
hard magnetic phase may join together magnetically by an exchange interaction, 
outstanding magnetic properties are demonstrated. 
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[0132]The average crystal grain diameter of the R2Fel4B type compound phase after 
heat treatment, It needs to be set to 300 nm or less which is a single domain 
crystal grain diameter, it is preferred that they are [ not less than 10 nm ] 200 nm 
or less and also not less than 20 nm 150 nm or less, and it is still more preferred 
that it is [ not less than 20 nm ] 100 nm or less. On the other hand, since the 
exchange interaction committed to each composition interphase will become weaker and 
the square shape nature of a demagnetization curve will deteriorate if the average 
crystal grain diameter of a boride phase or alpha-Fe phase exceeds 100 nm, (BH) max 
will fall- If these average crystal grain diameters are less than 1 nm, high 
coercive force will no longer be acquired. As for the average crystal grain diameter 
of soft magnetic phases, such as a boride phase from the above thing, and alpha-Fe 
phase, it is preferred that 100 nm or less is [ 1 nm or more ] 50 nm or less 
preferably, and it is still more preferred that it is 30 nm or less. 
[0133] before heat treatment -- the thin band of a quenching alloy -- coarse -- 
cutting — or coarse grinding may be carried out. Ti content nano composite magnetic 
powder can be manufactured by grinding the end of alloy coarse powder (or thin band) 
it was obtained after heat treatment, and producing magnetic powder. 
[0134]500 micrometers or less of rare earth alloy powder of 300 micrometers or less 
are suitably used especially for the rare earth system bond magnet of <explanation 
of grinding process> this invention for a maximum droplet size. As for mean particle 
diameter, when using for compression molding, it is preferred that it is in the 
range of 50 to 200 micrometers, and it is more preferred that it is in the range of 
100 to 150 micrometers. 

[0135]The aspect ratio of magnetic powder influences the mobility of the compound 
for obtaining a rare earth system bond magnet. As for Ti content nano composite 
magnetic powder contained in the bond magnet of this invention, it is preferred that 
the aspect ratio of the particles more than 2 mass % of the whole magnetic powder is 
1.0 or less [ 0.3 or more ]. Of course, an aspect ratio may be mixed with less than 
0.3 Ti content nano composite magnetic powder, and it may use. in order to obtain 
the compound which was furthermore excellent in mobility. It is preferred that more 
than 70 mass % of the whole magnetic powder considers it as 1.0 or less or more 0.3 
aspect ratio, and it is still more preferred to prepare a compound using the 
magnetic powder in which an aspect ratio contains 1.0 or less or more 0.3 Ti content 
nano composite magnetic powder in more than 70 mass %. Of course, the aspect ratio 
of powder particles, such as MQ powder, can be mixed with less than 0.3 powder 

f article, and it can also use. 
0136] Using a pin disc mill device as shown, for example in drawing 7 etc., Ti 
content nano composite magnetic powder which has the above aspect ratios is 
producible, when thickness grinds not less than 60-mi crometer an alloy thin band of 
300 micrometers or less. Drawing 7 is a sectional view showing an example of the pin 
mill device used for this embodiment. This pin mill device 40 is a pin disc mill, it 
makes the two disks (disk) 42a and 42b with which two or more pins 41 were arranged 
by one side counter, and it is arranged so that the mutual pin 41 may not collide. 
At least one disk 42a and/or 42b rotate at high speed. The disk 42a revolves around 
the axis 43 in the example of drawing 7. The front view of the rotating near disk 
42a is shown in drawing 8. On the disk 42a of drawing 8, it is arranged so that the 
pin 41 may draw two or more concentric circles. The disk 42b currently fixed is also 
arranged so that the pin 41 may draw a concentric circle. 

[0137]The thing which should be ground by the pin disc mill to be ground is sent in 
in the space of the crevice which the disk of two sheets has countered from the 
entrance slot 44, will collide with the pin 41 on the rotating disk 42a, and the pin 
41 on the stopped disk 42b, and will be ground by the shock. The powder generated by 
grinding is flown in the direction of the arrow A, and is eventually brought 
together in one place. 

[0138]ln the pin mill device 40 of this embodiment, although the disks 42a and 42b 
which support the pin 41 are formed from stainless steel etc., the pin 41 is formed 
from charges of a cemented carbide material, such as carbon steel, ceramics, and a 
tungsten-carbide (WC) sintered compact. As a charge of a cemented carbide material. 
Tic, MoC, NbC, TaC, Cr3C2, etc. can be conveniently used besides WC sintered 
compact. These cemented carbide is iva, va, and the sintered compact that combined 
the carbide powder of the metal belonging to via fellows using Fe, Co, nickel. Mo, 
Cu, Pb, Sn, or these alloys. 

[0139]For example, if grinding is performed on the conditions that mean particle 
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diameter is set to 100 micrometers or less using the above-mentioned pin mill 
device, the aspect ratio of particles can obtain or more 0.3 1.0 or less powder. For 
example, particle diameter is obtained, when a powder particle (53 micrometers or 
less or 38 micrometers or less) classifies these. 

[0140]An aspect ratio tends to approach 1,0, so that a raw material alloy is ground 
finely, the effect of improving restoration nature as what has an aspect ratio close 
to 1.0 is high, it is preferred that an aspect ratio is 1.0 or less [ 0.4 or more ], 
it is still more preferred that it is [ or more 0.5 ] 1.0 or less, and it is most 
preferred that it is [ or more 0.6 ] 1.0 or less. 

[0141]The pin mill device suitably used by this embodiment may be a device with 
which it was not limited to the pin disc mill by which the pin was arranged on the 
disk, for example, the pin was arranged on the cylinder, when a pin mill device is 
used, the powder which has the particle size distribution near a normal distribution 
can be obtained, and there is an advantage that adjustment of mean particle diameter 
is easy, and excellent in mass production nature. 

[0142] [Reason for limitation for a presentation] Ti content nano composite magnetic 
powder used for the bond magnet of this invention, it is expressed with empirical 
formula (Fel-mTm) 100-x-y-zQxRyMz (one or more sorts of elements chosen from the 
group which T becomes from Co and nickel.) At least one sort of elements which Q is 
the element chosen from the group which consists of B and C, and certainly contain 
B, One or more sorts of rare earth elements and M in which R does not contain La and 
Ce substantially Ti , At least one sort of metallic elements which are metallic 
elements chosen from the group which consists of Zr and Hf, and certainly contain 
Ti , The composition ratio x, y, and z and m have 10<x<=20atom%, 6<y<10atom%, 
0.1<=z<=12atom%, and the presentation expressed with 0<=m<=0.5, respectively. 
[0143]The whole quantity comprises B (boron), or Q comprises combination of B and C 
(carbon). As for the atomic ratio rate of C to the total amount of Q, it is 
preferred that it is 0.25 or less. 

[0144]when the composition ratio x of Q becomes below ten atom %, when the cooling 
rate at the time of quenching is comparatively as low as 10 2"" / second - 10 5"" / 
second grade. It becomes difficult to produce the quenching alloy in which an 
R2Fel4B type crystal phase and an amorphous phase are intermingled, and even if it 
heat-treats after that, only HcJ of less than 700 kA/m is obtained. Therefore, it 
becomes difficult to make roll surface peripheral velocity comparatively late by the 
melt spinning process or the strip cast method, and to produce the magnetic powder 
which has the magnetic properties whose aspect ratios are 0.3-1.0 and, which were 
excellent. Also in a melt quenching method, it becomes impossible for process 
expense to adopt the comparatively cheap strip cast method, and the manufacturing 
cost of magnetic powder will rise. On the other hand, since the increase of the 
volume ratio of the amorphous phase in which after crystallization heat treatment 
remains, and the rate of an abundance ratio of alpha-Fe which has the highest 
saturation magnetization in a composition phase simultaneously will decrease if the 
composition ratio x of Q exceeds 20 atom %, residual magnetic flux density Br will 
fall. It is preferred to set up the composition ratio x of Q exceed ten atom %, and 
below 20 atom % consist of the above thing. As for the range of the more desirable 
composition ratio x, more than ten atom % is below 17 atom %. Since it is possible 
to deposit an iron group boride phase efficiently and to raise Br, it is still more 
preferred that more than ten atom % makes the range of x below into 14 atom %. At 
the time of 15< x<=20 atom %, it is preferred to satisfy 3.0< z< 12-atom %. 
[0145]R is one or more sorts of elements chosen from the group of a rare earth 
element (Y is included). Since coercive force and square shape nature will 
deteriorate if La or Ce exists, it is preferred that La and Ce are not included 
substantially. However, when a little La and Ce(s) (below 0.5 atom %) exist as an 
impurity mixed unescapable, it is satisfactory on magnetic properties. Therefore, 
when it contains La and Ce below 0.5 atom %, it can be said that neither La nor Ce 
is included substantially. 

[0146]As for R, it is preferred that Pr or Nd is included as an essential element, 
and, more specifically, it may replace a part of the essential element by Dy and/or 
Tb. when the composition ratio y of R becomes less than the whole six atom %, the 
compound phase which has an R2Fel4B type crystal structure required for the 
manifestation of coercive force does not fully deposit, but it becomes impossible to 
obtain coercive force Hc3 of 700 or more kA/m. if the composition ratio y of R 
becomes more than ten atom %, the abundance of the iron group boride and alpha-Fe 
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which have ferromagneti sm will fall. Simultaneously, not only the corrosion 
resistance and oxidation resistance of magnetic powder fall, but elution of the rare 
earth element at the time of plating film formation poses a problem, and the effect 
by this invention becomes is hard to be acquired. Therefore, as for the composition 
ratio y of the rare earth element R, it is preferred that the beyond range of less 
than ten atom %, for example, six atom %, adjusts [ more than six atom % ] below to 
9.5 atom %. As for the range of more desirable R, more than seven atom % is below 
9.3 atom %, and, as for the range of still more desirable R, more than eight atom % 
is below 9.0 atom %. 

[0147]The addition metal element M makes Ti indispensable, and also may contain Zr 
and/or Hf. Ti is an indispensable element in order to acquire the effect mentioned 
above, it contributes to the improvement of the improvement in coercive force Hc3 
and residual magnetic flux density Br, and the square shape nature of a 
demagnetization curve, and raises maximum energy product (BH) max. 
[0148]lf the composition ratio z of the metallic element M becomes less than the 
whole 0.5 atom %, the effect of Ti addition will not fully be revealed. On the other 
hand, since the volume ratio of the amorphous phase in which after crystallization 
heat treatment remains will increase if the composition ratio z of the metallic 
element M exceeds the whole 12 atom %, it is easy to invite the fall of residual 
magnetic flux density Br. As for the composition ratio z of the above thing to the 
metallic element M, it is preferred that more than 0.5 atom % considers it as the 
range below 12 atom %. The minimum of the range of more desirable z is 1.0atom%, and 
the maximum of the range of more desirable z is 8.0atom%. The maximum of the range 
of desirable z is 6.0atom%. 

[0149]Since the amorphous phase containing Q (for example, B) is easy to be formed 
so that the composition ratio x of Q is high, it is preferred to make high 
composition ratio z of the metallic element M. The high soft magnetism iron group 
boride of magnetization can be deposited by this, or the grain growth of the 

generated iron group boride can be controlled. It is specifically preferred to 
adjust composition ratio so that z/x>=0.1 may be satisfied, and it is more preferred 
to satisfy z/x>=0.15. 

[0150]ln order that Ti may carry out desirable work especially, the metallic element 
M certainly contains Ti . in this case, it is preferred that it is not less than 70% 
comparatively (atomic ratio) of Ti to the whole metallic element M, and it is still 
more preferred that it is not less than 90%. 

[0151]Al though Fe occupies the content emainder of an above-mentioned element, even 
if it replaces a part of Fe with a kind of Co and nickel, or two sorts of transition 
metal elements (T) , it can obtain desired hard magnetic property, if the amount of 
substitution of T to Fe exceeds 50% (namely, m 0.5), high residual magnetic flux 
density Br beyond 0.7T will not be obtained. For this reason, as for the amount of 
substitution, it is preferred to limit to 50% or less (namely, 0<=m<=0.5) of range 
0% or more. Since the Curie temperature of an R2Fel4 B phase rises while the square 
shape nature of a demagnetization curve improves by replacing a part of Fe by Co, 
heat resistance improves. The range with the preferred amount of Fe substitution by 
Co is 0.5% or more of 40% or less. Even if a little aluminum. Si, Cu, Ga, Ag, Pt, 
Au, Pb, V, Cr, Mn, Nb(s), Mo, and w are included, magnetic properties are not 
degraded, but it is preferred to consider it as the content below two atom %. 
[0152] [Oxidation resistance of magnetic powder] It explains comparing with the 
conventional quenching magnet powder the oxidation resistance of Ti content nano 
composite magnetic powder used for the rare earth system bond magnet of this 
i nvention . 

[0153]Here, Ti content nano composite magnetic powder is compared with MQP-B and 
MQP-0 (the maximum droplet size of all is 300 micrometers or less) which are 
marketed from MQI as conventional quenching magnet powder. The sample of Ti content 
nano composite magnetic powder was produced as follows. 

[0154]first, the quenching alloy (Nd:9atom%.) produced by the same method as Example 
1 mentioned later B: llatom%, Ti:3atom%, Co:2atom%, the alloy of the remainder Fe, 
Average thickness : After grinding 70 micrometers and the standard deviation of 
sigma:13 micrometers to 850 micrometers or less. It heat-treated by throwing in 
powder using the hoop belt furnace which has a soaking zone about 500 mm in length 
with 20g the speed of supply for /the bottom of Ar style mind, and into the furnace 
part [ for belt feed-rate/of 100 mm ] held at 680 and magnetic powder was 
obtained, what was ground so that it might become the particle size distribution in 
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which an aspect ratio contains or more 0.4 1.0 or less powder about 30% by a volume 
reference using the pin disc mill which mentioned the obtained magnetic powder above 
was set to sample NCP-0 of Ti content nano composite magnetic powder. 
[O155]0xygen content and magnetic properties after neglecting each magnetic powder 
in the atmosphere at various temperature (23 300 and 350 for 1 hour are 
shown in Table 1. Magnetic properties were measured using the oscillating-type 
magnetometer, with the result measured at 23 the result measured after 
neglecting it at 300 ** and 350 ** in the atmosphere for 1 hour, respectively is 
doubled and shown. 

[0156] As shown in Table 1, when it was neglected at 300 ** in the atmosphere for 1 
hour, the oxygen content increased to 0.67 mass %, and when MQP-B was neglected at 
350 for 1 hour, it increased to 1.93 mass %. when it was neglected at 300 for 
1 hour, the oxygen content increased to 0.24 mass %, and when MQP-0 was neglected at 
350 for 1 hour, it increased to 0.59 mass %. 

[0157]Ti content nano composite magnetic powder NCP-0 [ on the other hand, ], The 
oxygen content after an oxygen content's increasing only to 0.10 mass % even if it 
neglects it at 300 in the atmosphere for 1 hour, but neglecting it at 350 for 
1 hour is to 0.20 mass %, and it turns out that it excels in oxidation resistance as 
compared with the conventional quenching magnet powder. 

[0158]The result of having measured the heating mass rate of increase of each 
magnetic powder using the thermobal ance is shown in drawing 9. A heated atmosphere 
considered the heating rate as a part for 10 ""/in the atmosphere. Ti content nano 
composite magnetic powder NCP-0 has few increases in mass by oxidation compared with 
MQP-B or MQP-0, and it is excellent in oxidation resistance so that drawing 9 may 
show. 

[0159] Next, when seen about the magnetic properties of Table 1, the fall of magnetic 
properties of MQP-B was also remarkable, for example, when (BH) max was neglected at 
300 ** for 1 hour, it fell to what [ about 65% of ] was neglected at 23 ** for 1 
hour, and when it was neglected at 350 for 1 hour, it fell to about 30%. when 
(BH) max of MQP-0 was neglected at 350 for 1 hour, it fell to what [ less than 
about 80% of ] was neglected at 23 for 1 hour. On the other hand, even if it 
neglected Ti content nano composite magnetic powder NCP-0 at 350 for 1 hour, the 
(BH) max fell only to what [ about 90% of ] was neglected at 23 for 1 hour. 
[0160]Thus, since Ti content nano composite magnetic powder is excellent in 
oxidation resistance, in the process (for example, preparation and/or heat curing of 
a compound) of producing a bond magnet, magnetic powder cannot oxidize easily. 
Therefore, in order to control oxidation of magnetic powder, the rust prevention 
treatment of the required magnetic powder can be simplified or omitted with the 
conventional quenching magnet powder (especially MQP-B). when the conventional 
quenching magnet powder was used, in order to control oxidation of magnetic powder, 
heat cure needed to be carried out in inert gas atmospheres, such as a vacuum or Ar, 
but it becomes possible by using Ti content nano composite magnetic powder to carry 
out heat cure in the atmosphere. That is, by using Ti content nano composite 
magnetic powder, the manufacturing process of a bond magnet can be simplified and 
cost can be reduced. Since oxidation resistance was low, applying was difficult for 
the conventional quenching magnet powder to the bond magnet for injection molding 
which needs resin, the process to knead, and the process to fabricate, for example 
at the temperature of 250 *" - about 300 but. The bond magnet produced by 
injection molding can be obtained by using Ti content nano composite magnetic 
powder, in mixing and using Ti content nano composite magnetic powder, the 
conventional quenching magnet powder, and/or the conventional nano composite 
magnetic powder, in order to fully acquire the oxidation-resistant advantage which 
was excellent in Ti content nano composite magnetic powder. It is preferred to use 
the magnetic powder which adjusted the mixing ratio etc. so that the oxygen content 
after neglecting it in the 1-hour atmosphere at not less than 300 ** the temperature 
of 350 or less may become in less than 0.24 mass %, and it is more preferred to 
use the prepared magnetic powder so that the above-mentioned oxygen content may 
become below in 0.2 mass %. For example, if the magnetic properties for which the 
bond magnet for various rotating machines or actuators is asked are taken into 
consideration, as magnetic properties of the magnetic powder used suitably for these 
compounds for bond magnets. It is preferred that it is satisfied with a final state 
of Br>=0.7T, (BH) max>=80 kJ/m3, and HcJ>=600 kA/m. if the magnetic powder which has 
above-mentioned oxidation resistance is used, even if it takes into consideration 
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the influence of the oxidation in the making process of a compound and a bond 
magnet, the above-mentioned magnetic properties can be acquired. 
[0161] 
[Table 1] 



[0162]Ti content nano composite magnetic powder used for the bond magnet of this 
invention has the feature that a particle diameter dependency is small, in the 
magnetic properties for the feature of the presentation and an organization. Ti 
content nano composite magnetic powder has the comparatively low content of the rare 
earth element R, The small boride phase is distributing so that R may enclose an 
R2Fel4 B phase in addition to a rich grain boundary phase not existing, and further, 
since compatibility with boron is high, as for Ti , the boride phase contains many Ti 
rather than other phases. As a result, Ti content nano composite magnetic powder is 
excellent in oxidation resistance compared with the conventional quenching magnet 

fowder . 
0163]Since the conventional quenching magnet powder contains comparatively a lot of 
rare earth elements R, it oxidizes easily, and it becomes remarkable falling it of 
the magnetic properties by oxidation on the surface of a powder particle, so that 
particle diameter is small. For example, in MQP-B (300 micrometers or less of 
maximum droplet sizes), as shown in Table 2, the magnetic properties of a powder 
particle of 53 micrometers or less are falling [ particle diameter ] especially by 
75 micrometers or less, the highest value is shown if it sees about residual 
magnetic flux density Br -- residual magnetic flux density Br (0.79T) of a powder 
particle of 53 micrometers or less is falling to less than 90% to residual magnetic 
flux density Br (0.90T) of the powder particle not more than super-150micrometer by 
125 micrometers. When it sees about (BH) max, (BH) max (it is [ 38 micrometers or 
less and ] an arithmetic average of the value not more than super-53micrometer 38 
micrometers) of an average of a powder particle of 53 micrometers or less is 85.5 
kj/m3. It is falling to less than 75% of 114.6 kj/m3 which is (BH) max (it is [ less 
than super-180mi crometer and ] an arithmetic average of the value not more than 
super-212mi crometer 180 micrometers 150 micrometers) of an average of the powder 
particle not more than super-212mi crometer 150 micrometers. 

[0164]On the other hand, Ti content nano composite magnetic powder has a low rate of 
a fall of the magnetic properties by oxidation, and its particle diameter dependency 
of magnetic properties is small. For example, in nano composite magnetic powder 
NCP-0 (300 micrometers or less of maximum droplet sizes), as shown in Table 3, it is 
hardly dependent on particle diameter, and magnetic properties have outstanding 
magnetic properties, for example, residual magnetic flux density Br shows the 
highest value -- residual magnetic flux density Br (about 0.829T) of a powder 
particle of 53 micrometers or less has 106 micrometers of values [ not less than 98% 
of ] to residual magnetic flux density Br (0.845T) of the powder particle not more 
than super-125micrometer . (BH) max of the average of a powder particle of 53 
micrometers or less also about (BH) max is 104.6 kJ/m3, and has not less than 98% of 
value of 106.6 kj/m3 which is (BH) max of an average of the powder particle not more 
than super-212micrometer 150 micrometers. The result of having performed evaluation 
same about Ti content nano composite magnetic powder of various presentations. It 
turned out that (BH) max of an average of the powder particle of 53 micrometers or 
less of nano composite magnetic powder has 150 micrometers of values [ not less than 
90% of ] of (BH) max of an average of the powder particle not more than 
super-212mi crometer about almost all presentations, and not less than 95% of value 
is obtained about many presentations. Evaluation of the particle size distribution 
of magnetic powder was performed using the standard sieve of 3IS8801 conformity. 
[0165] 
[Table 2] 



[0166] 
[Table 3] 



[0167]Thus, since Ti content nano composite magnetic powder has the conventional 
quenching magnet powder and the magnetic properties more than equivalent, it can be 
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used as magnetic powder of the compound for rare earth system bond magnets instead 
of the conventional quenching magnet powder (for example, MQ powder), if Ti content 
nano composite magnetic powder is used, the compound which has the outstanding 
characteristic of versatility which was mentioned above can be obtained. Of course, 
although the magnetic powder for bond magnets may be constituted only from Ti 
content nano composite magnetic powder, a big effect can be acquired also when the 
particle diameter of the MQ powder mentioned above, for example, transposes a powder 
particle of 53 micrometers or less to Ti content nano composite magnetic powder. 
[0168]The effect that restoration nature is improved by mixing a particle (53 
micrometers or less and 38 micrometers or less) in below is explained illustrating 
an experimental result. 

[0169] First, sample NCP-1 to NCP-5 of nano composite magnetic powder which has 
various particle size distribution as shown in Table 4 was produced. By grinding 
with a power mill using the screen of 0.5 mmphi , prepare the magnetic powder of 
NCP-1 and the magnetic powder of other NCP-2 - NCP-5, it prepared using the pin mill 
device mentioned above by number of rotations being 3000 rpm, 4000 rpm, 5000 rpm, 
and 8000 rpm, respectively. The result of having measured tap density for these 
magnetic powder sample NCP-1 to NCP-5 using tap DENSA is shown in Table 5. Mass [ of 
a powder particle of 53 micrometers or less ] % and particle diameter double mass % 
of the powder particle of more than 250 micrometers, and the particle diameter 
contained in each magnetic powder sample shows in Table 5. 

[0170]Sample NCP-3 in which particle diameter contains a particle of 53 micrometers 
or less in more than 10 mass % (strictly more than 9.5 mass %) - NCP-5 have tap 
density as high as more than 4.3 g/cm3, and it turns out that the restoration nature 
of magnetic powder is excellent so that the result of Table 5 may show. The 
restoration nature of the magnetic powder evaluated by tap density of magnetic 
powder correlates with the restoration nature of the powder of the compound for bond 
magnets, and the restoration nature of the powder of a compound prepared using the 
high magnetic powder of restoration nature also becomes high. Therefore, by using 
the magnetic powder in which particle diameter 10 mass % Contains nano composite 
magnetic powder of 53 micrometers or less, the restoration nature of the powder of 
the compound for bond magnets and mobility are improved, and a quality Plastic solid 
can be acquired. 
[0171] 
[Table 4] 



[0172] 
[Table 5] 



[0173]ln order to improve forming density, it is preferred that particle diameter 
contains a powder particle of 38 micrometers or less. Ti content nano composite 
magnetic powder NCP-11 to NCP-16 which has the particle size distribution shown in 
Table 6 was prepared, and the compound was obtained by mixing with the epoxy resin 
of 2 mass %, respectively. The bond magnet Plastic solid was acquired by carrying 
out compression molding by compacting pressure 980MPa (10 t/cm2) using each 
compound. The particle diameter in the magnetic powder used for each compound shows 
drawing 10 the density of each bond magnet Plastic solid with the content of a 
powder particle of 38 micrometers or less. 
[0174] 
[Table 6] 



[0175]Even if the content of a powder particle of 38 micrometers or less is too low 
and it is too high so that drawing 10 may show, the density of a Plastic solid 
falls. As a result of examining many things, in order to obtain sufficient Plastic 
solid density, it is preferred to use the magnetic powder in which particle diameter 
contains a powder particle of 38 micrometers or less in more than about 8 mass %. 
However, if particle diameter uses the magnetic powder in which the content of a 
powder particle of 38 micrometers or less exceeds about 16 mass %, a moldability 
falls and the high-definition Plastic solid which has high density may not be 
acqui red. 
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[0176]Al though the particle diameter of magnetic powder and the relation of the 
moldability were explained about the compound for compression molding, it can say 
that the same may be said of the compound for [, such as injection molding and 
extrusion molding, ] other shaping. 

[0177] [Explanation of the manufacturing method of a compound and a magnet body] The 
magnetic powder for bond magnets containing above-mentioned Ti content nano 
composite magnetic powder is mixed with binding materials, such as resin, and the 
compound for bond magnets is manufactured. 

[0178]The compound for injection molding is manufactured by kneading magnetic powder 
and thermoplastics using a publicly known kneading apparatus (for example, a kneader 
and an extruder). The compound for compression molding mixes the thermosetting resin 
and magnetic powder which were diluted with the solvent, and is manufactured by 
removing a solvent, if needed, the mixture of the magnetic powder and resin which 
were obtained is cracked so that it may become a predetermined particle size. By 
adjusting the conditions of a crack, etc., it is good also as granularity. The 
powder material obtained by grinding may be cornea. 

[0179]ln order to improve the corrosion resistance of magnetic powder, publicly 
known surface treatments, such as chemical conversion, may be beforehand performed 
on the surface of magnetic powder, in order to improve further the corrosion 
resistance of magnetic powder, wettability with resin, and the moldability of a 
compound, it is preferred to use various coupling agents, such as the Silang system, 
a titanate system, an aluminate system, and a zirconate system. Lubricant, such as a 
ceramic ultrafine particle, zinc stearates, calcium stearates, etc., such as 
colloidal silica, may be used, and a thermostabilizer, fire retardant, a 
plasticizer, etc. may be used. 

[0180]Since the compound for magnets is used for various uses with various forming 
processes, according to a use, the kind of resin and the rate of a compounding ratio 
of magnetic powder are decided suitably. As resin, for example Thermosetting resin, 
such as an epoxy resin, phenol resin, and melamine resin, Polyamide (Nylon 66, nylon 
6, Nylon 12, etc.) and polyethylene. Thermoplastics, such as polypropylene, 
polyvinyl chloride, polyester, and a polyphenylene sulfide, rubber, elastomers and 
also these denaturation objects, a copolymer, a mixture, etc. can be used, in 
particular, use on an industrial scale can produce comparatively easily the compound 
using the high-melting point resin which has the not less than 180 difficult 
softening temperature, such as nylon 6 and a polyphenylene sulfide, until now. 
[0181]Since a moldability and mobility are improvable by using Ti content nano 
composite magnetic powder, resin of the hyperviscosity for which using 
conventionally was difficult can also be used. Since the resin (for example, the 
amount grade article of polymers of various resin, such as polyimide and a liquid 
crystal polymer) which the melting point or softening temperature was not able to 
use conventionally highly since the magnetic powder could not oxidize easily can be 
used, the characteristics (heat resistance etc.) of a bond magnet are improvable. 
When using thermosetting resin, the resin hardened at a temperature higher than 
before can be used. 

[0182]As a forming process, compression molding, rolling shaping, calender molding, 
extrusion molding, and injection molding can be illustrated. Although only a 

comparatively simple-shaped Plastic solid can be fabricated by compression molding, 
rolling shaping, and extrusion molding among these forming processes, since mobility 
not much high at the time of shaping is not required, the filling factor of magnet 
powder can be made high. By using the magnet powder which adjusted particle size 
distribution and/or an aspect ratio, a filling factor still higher (for example, 80 
volume % is exceeded) than before can be realized, and it can be filled up to a 90 
volume % grade at the maximum. However, resin for fully combining magnetic powder, 
if a filling factor is too high runs short. Since there is a possibility that 
problems, such as magnetic powder being omitted at the time of the fall of the 
mechanical intensity of a bond magnet and plating processing, and plating liquid 
deteriorating, or the omissive magnetic powder adhering to a tunic and spoiling the 
detergency of a tunic, may arise, below 85 volume % of a magnetic powder filling 
factor is preferred. By using the magnetic powder containing Ti content nano 
composite magnetic powder mentioned above in compression molding. The advantage that 
the corrosion of a magnet with the plating liquid which remained in the adverse 
effect and opening to the plating tunic which can decrease and forms in the surface 
the quantity of the opening (void) formed in a molded body surface can be controlled 
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is acquired. The acquired bond magnet Plastic solid may process polish etc. by a 
publicly known method. 

[0183] [The plating tunic of a bond magnet] As a plating tunic formed in the surface 
of the magnet Plastic solid of the bond magnet of this invention, wet plating 
tunics, such as an electrolysis plating (electroplating) tunic and a nonelectrolytic 
plating tunic, are employable. 

[0184] Although metal tunics, such as an alloy containing nickel, Cu, Cr, Zn, Sn, Pb, 
Au, Ag, Pt, Pd, Cd, and them, are raised as an electrolysis plating tunic, The alloy 
which contains nickel, Cu, Cr, Zn, Sn, and them from viewpoints of performance, 
cost, etc. required of a bond magnet is desirable. Also in this, what contains 
nickel or Cu especially is preferred. 

[0185]Since the bond magnet of this invention is excellent in the corrosion 
resistance of a magnet Plastic solid, even if the thickness of a tunic is thinner 
than the tunic of the conventional bond magnet, equivalent corrosion resistance is 
acquired, in the magnet for HDD, or the magnet for motors, there is a request of a 
miniaturization of close dimensional accuracy or a magnet in recent years, and, as 
for the thickness of the viewpoint of a cost cut to a plating tunic, 5 micrometers - 
30 micrometers are preferably desirable 1 micrometer - 50 micrometers, when using 
the bond magnet of this invention for a motor, it becomes possible to raise the 
motor characteristic because the thickness of the portion which faces the gap of a 
rotor and a stator shall be 25 micrometers or less. 

[0186]ln order to fill the various purposes, such as improvement in sliding nature, 
in a plating tunic, organic matter particles, such as Teflon (registered trademark), 
and inorganic substance particles, such as titanium oxide, may be distributed. 
[0187]A monolayer may be sufficient as the tunic to form and a multilayer may be 
sufficient as it. It may laminate with a nonelectrolytic plating tunic. 
[0188] Although the plating conditions for forming the electrolysis plating tunic in 
the manufacturing method of the bond magnet by this invention are suitably set up by 
each plating bath, if the pH of plating liquid is low, while the adverse effect to 
the above-mentioned tunic adhesion and treating solution accompanying elution of a 
rare earth element will become high, similarly there is a possibility that a pinhole 
may occur in a plating tunic, with elution of a rare earth element, although it is 
possible to make the plating bath of comparatively low pH apply since the Plastic 
solid of the bond magnet of this invention has comparatively little elution of the 
rare earth which flows out into plating liquid — the pH of plating liquid — 3-13 
— 5-12 are desirably desirable. 

[0189]lf there is a possibility of having an adverse effect by elution of the rare 
earth element mentioned above when the pH of plating liquid was lower than three and 
pH exceeds 13, it is because there is a possibility of i^ilm formation being checked 
when hydroxide deposits on the surface of a magnet Plastic solid, or causing 
degradation of resin of a bond magnet Plastic solid with plating liquid. 
[0190] Al though the bath temperature at the time of plating film formation is 
suitably set up with the plating bath and jig to be used, it is usually 5 - 95 

[0191]Since magnet powder will corrode easily if a chloride ion exists superfluously 
in plating liquid, as for the chloride-ion concentration in plating liquid, 
suppressing to 30 g/L or less is desirable, and suppressing to 20 g/L or less is 
more desirable. 

[0192]As for the metallic component in plating liquid, in order to inhibit the 
metallic component in plating liquid, the rare earth element in a magnet Plastic 
solid, and a substitution reaction with Fe as much as possible in wash baths, 

such as Cu plating, it is desirable to make it exist with gestalten, such as a 
complexing compound and chelate compound. 

[0193]Al though what is necessary is just to choose various barrels, racks, etc. of a 
mode suitably as a plating device to adopt according to the shape of a bond magnet, 
when a rack jig is adopted, it is desirable to use a bond magnet and a device with a 
point of contact of the polar zone movable during plating (for example, refer to 
application for patent No. 297044 [ 2000 to ]). 

[0194]when forming a plating tunic, current density is suitably set up with the 
plating bath and jig to be used, but. By setting up current density so that deposit 
efficiency (quantity of electricity / injection quantity of electricity used for the 
tunic deposit reaction) may be not less than 85%, it becomes possible it not only to 
to excel in productive efficiency, but to control generating of hydrogen gas leading 
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to the defect of a tunic. The pulse plating method etc. may be adopted if needed. 
[0195]ln electrolysis plating, a dog bone occurs by concentration of the current 
density to a corner, and it may incorporate difficult as a result to parts, in order 
to prevent this, it is desirable to remove a magnetic corner by barrel finishing 
etc. if needed. 

[0196] As mentioned above, a magnet Plastic solid with few openings (a hole part or a 
hole) can be formed by using the magnet powder containing Ti content nano composite 
magnetic powder, but in order to prevent troubles, such as the plating liquid 
remainder, thoroughly, it is desirable to perform various sealing. 
[0197]The following is raised if it is considered as the sealing method. 
[0198]Resin impregnation: Seal the opening of a bond magnet by glass or resin by 
immersing a bond magnet Plastic solid in inorganic substances, resin (particles etc. 
may be contained), etc., such as glass, and carrying out decompression impregnation 
treatment (for example, refer to JP, 7-201620, A) . 

[0199]Sealing by a minerals fine-particle-formation substance: Make the opening of a 
bond magnet Plastic solid carry out press fit adherence of the minerals particles 
generated from a minerals f i ne-particle-formation substance a bond magnet Plastic 
solid and by supplying kinetic energy to a minerals fine-particle-formation 
substance, if an infinite form metal piece is used as a minerals 
fine-particle-formation substance, the below-mentioned electric conduction 
processing will also be simultaneously possible, and the infinite form metal piece 
of less than 80 soft metal will be especially used for vickers hardness, such as Sn 
and Zn , suitably (for example, refer to 3P, 2001-11504, A) . 

Sealing (dry processing, wet process): and dry processing by the embedding of 
particles (carbon black, metal particles, etc.): Make the opening of a bond magnet 
Plastic solid carry out press fit adherence of the particles by supplying kinetic 
energy to a bond magnet Plastic solid and particles (for example, JP, 11-3811, A) . 
[0200]- Wet process : seal the opening of a bond magnet Plastic solid with 
particles, particle dispersion resin, etc. by carrying out being decompression 
impregnated of the solution and resin which distributed particles to a bond magnet 
Plastic solid, and flying a solution after that, or stiffening resin. 
[0201]ln the resin part of a bond magnet molded body surface, in order to form the 
tunic which was more excellent in adhesion since an electrolysis plating reaction 
did not occur, it is desirable to perform various electric conduction-ized 
processings before electrolysis plating. 

[0202]The methods of electric conduction-ized processing include the embedding (dry 
processing, wet process) of the electric conduction particles (carbon black, metal 
particles, etc.) shown in the following other than nonelectrolytic plating and 
substitution plating, for example. 

[0203]- Dry processing -> it is kinetic energy (for example) to a bond magnet 
Plastic solid, a metal fine-particle-formation substance, or metal particles. [, 
and/or and ] Press fit using compressed air, etc. are given in dry type, and the 
tunic of metal particles is formed in a bond magnet molded body surface by 
contacting metal particles to a bond magnet molded body surface (for example, refer 
to J P, 2001-6909, A and JP, 11-3811, A) . 

[0204]- Wet process -> form in a bond magnet Plastic solid the tunic of electric 
conduction particles (or resin etc. which distributed electric conduction particles) 
by applying or decompression impregnating a solution or resin, a coupling agent, 
etc. which distributed particles to a bond magnet molded body surface, and flying a 
solution after that. This method has the advantage that sealing can also be done 
simul taneously . 

[0205] what is called BP (barrel painting) -- adopting law -- ---- — it is good. In 

this method, the tunic of electric conduction particles is formed in a bond magnet 
molded body surface by giving kinetic energy to the resin of a bond magnet Plastic 
solid and film formation which has not been selectively hardened in an initial stage 
at least or inorganic substance adhering, and a conductive particle (refer to 
3 P, 5-302176, A) . This method also has the advantage that sealing can also be done 
simultaneously. 

[0206]Next, the feature of each electrolysis plating tunic is explained. 
[0207]Since especially the magnet in which nickel plating tunic was formed is 
excellent in corrosion resistance and intensity, it is the best for the ring type 
magnets for motors etc. Since the magnet which was extremely excellent in surface 
cleanliness by optimization of plating conditions including a brightening agent can 
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be obtained, it is used suitably for the parts for HDD, etc. By rationalizing a 
plating bath composition, strike plating is attained and the tunic which was 
extremely excellent in adhesion with a bond magnet can be formed. 
[0208]nickel plating tunic is formed as follows, for example. 

[0209]As a plating bath, publicly known baths, such as a Watts bath, a stearic acid 
bath, and all the sulfate baths, can be used. Brightening agents, such as a 
sulfonamide, saccharin, and a butynediol, can be used if needed. In using for the 
parts for HDD especially, in order to raise surface cleaning nature, it is desirable 
to use a brightening agent. 

[0210]Al though a monolayer may be sufficient as a tunic, higher corrosion resistance 
can be acquired by advancing preferentially corrosion of the upper layer which 
controlled the corrosion potential of each nickel plating layer by considering it as 
a composite plating, and was controlled by it by more ---- potential by control of S 
content in a tunic, etc., and delaying attainment of the corrosion of a magnet base. 
It is useful also as a ground of high corrosion resistant plating, such as Cr 
plating. 

[0211]By controlling the amount of S of a top layer tunic, the surface potential of 
the magnet in corrosion ion content solutions, such as Cu ions and Cl ions, can be 
controlled, and an usable magnet is obtained also with high corrosive environment, 
such as underwater. Oxidation of the surface at the time of neglect can be 
controlled, and when incorporating adhesion reliability and parts as a result, the 
solder wettability at the time of a reflow at the time of using solder, etc. can be 
stabi 1 i zed . 

[0212]Since especially the magnet in which Cu plating tunic was formed is excellent 
in corrosion resistance and intensity, it is the best for the ring type magnets for 
motors etc. Since it excels in thermal conductivity, Cu plating tunic is used 
suitably for the magnet used for the parts on which soldering etc. are especially 
performed at the time of inclusion. 

[0213]Since Cu plating tunic is excellent in surroundings nature with plating, it is 
suitable for the irregular magnet (attached surroundings nature). Since especially 
the magnet obtained by being hard to produce a dog bone in a light-gage ring like 
magnet or a thin meat-like magnet can perform inclusion on parts easily, it is 
preferred also as ground plating of various plating. This can make small the amount 
of chamfering of the edge of the corner carried out since a dog bone is not 
produced, and makes it possible to control the fall of the magnetic properties 
accompanying chamfering of the edge. 

[0214] Furthermore, if an opening applies to few (small) bond magnet Plastic solids 
by attaching Cu plating tunic as precise film formation is possible and it not only 
excels in the surroundings, but is Even if it does not establish a sealing 

process separately, it is possible to plug up a hole only with performing Cu 
plating, and a magnet with few above-mentioned problems of the plating liquid 
remainder is obtained by forming Cu plating tunic in the 1st layer. 
[0215]lf it is going to carry out Cu plating to the conventional rare earth system 
bond magnet Plastic solid directly. Since the potential is before an 
electrolysis plating tunic is formed, Cu The Cu ions in plating liquid, A coarse 
substitution plating tunic tends to be made by the substitution reaction of Nd in a 
magnet, and although the control is difficult, since there is comparatively little 
rare earth content of potential, the bond magnet Plastic solid of this 

invention can be performed comparatively directly easily [ Cu plating ] depending on 
a plating bath as above-mentioned. 

[0216] Cu plating tunic is formed as follows, for example. 

[0217]Al though a bath with publicly known cyanidation bath, pyrophoric acid bath, 
EDTA bath, dim-ized bath, etc. can be used as a plating bath, alkaline plating 
baths, such as a cyanidation bath from a viewpoint of the prevention from elution to 
the plating liquid of the rare earth element in a magnet, a pyrophoric acid bath, 
and an EDTA bath, are desirable. Brightening agents, such as selenious acid and a 
potassium rhodanide, can be used if needed. 

[0218]The magnet in which zn plating tunic was formed is excellent in corrosion 

resistance, and its production cost is low. 

[0219]Zn plating tunic is formed as follows, for example. 

[0220]As a plating bath, a bath with publicly known zincate bath, pyrophoric acid 
bath, sulfate bath, dim-ized bath, cyanidation bath, etc. can be used. Since 
electric Zn plating tunic tends to generate white rust, it is desirable to perform 
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post-processing, such as below-mentioned chromate treatment, zinc phosphate 
processing, etc., in the upper layer. 

[0221]By forming Cr plating tunic, the magnet which has the extremely outstanding 
corrosion resistance, such as salt water resistance, can be obtained. Since it 
excels in corrosion resistance and intensity, the obtained magnet is used suitably 
for the light-gage ring type magnets for motors etc. Tunic hardness is hard, parts 
cannot damage a bond magnet easily due to inclusion work, and handling becomes easy. 

[0222] Cr plating tunic is formed as follows, for example. 

[0223]Al though publicly known baths, such as the Sargent bath, a fluoride content 
bath, and a black plating bath, can be used as a plating bath, it is desirable to 
adopt the plating bath which makes trivalent Cr ions a subject in consideration of 
the influence of the environment on a plating process. 

[0224]As for the thickness of Cr plating layer, since Cr plating has high stress of 
a tunic, 5 micrometers or less are desirable. Electrocrystallization efficiency is 
bad, and since a lot of hydrogen at the time of electrocrystallization is generated 
and magnet powder may carry out occlusion of the hydrogen, it is desirable to form 
nickel plating layer etc. as a foundation layer of Cr plating. 

[0225]By forming Sn plating tunic, the magnet which has the extremely outstanding 
corrosion resistance, such as oil resistance, can be obtained. A tunic is excellent 
in sliding nature and the inclusion work to parts becomes easy. 
[0226]Sn plating tunic is formed as follows, for example. 

[0227] Al though a bath with publicly known sulfate bath, close resemblance or a bath, 
hydroxo complex salt bath, etc. can be used as a plating bath, when it gives 
priority to plating productivity, it is desirable to adopt the acidic bath which 
makes divalent Sn ion a subiect. in order to obtain an on the other hand more 
precise tunic, it is desirable to adopt the alkaline bath which makes tetravalent Sn 
ion a subject. 

[0228]ln order to smooth the plating tunic surface, the technique of supplying 
various brightening agents to a plating bath, plating them, or heating the obtained 
plating tunic more than the melting point, and remelting it is employable. 
[0229]Sn plating tunic is soft, and since magnetic corrosion resistance etc. may be 
affected by the ability to delete a tunic when building a magnet into parts in Sn 
plating tunic monolayer, it is desirable to form hard plating layers, such as nickel 
plating layer, as a foundation layer of Sn plating. 

[0230]On the other hand, although metal nonelectrolytic plating (autocatalysi s 
plating, substitution plating) tunics, such as Cu, nickel, Co, Au, Ag, Pd, Sn, zn, 
and those alloys, are raised as a nonelectrolytic plating tunic, Cu, nickel, and 
those alloys (for example, a nickel-P alloy and a nickel-B alloy) are desirable from 
viewpoints of performance, cost, etc. required of a bond magnet. 
[0231]Since nonelectrolytic plating is forming chemical reactions, such as a 
substitution deposit reaction, as driving force, it can obtain the magnet which was 
extremely excellent in the uniform membrane formation nature of a tunic, and was 
excellent in dimensional accuracy. . For this reason, produce with electrolysis 
plating by adopting the nonelectrolytic plating tunic of this invention. The thing 
to the inner periphery of various problems resulting from the current density 
distribution to a processed material, for example, the magnet of cylindrical shape, 
for which it attaches and problems, such as a surroundings disposition top and 
superfluous thick-film-izing (dock bone) to an end (edge part), are avoided becomes 
possible. 

[0232]As for thickness, in order to acquire the outstanding corrosion resistance, 
moreover 1 micrometers or more are desirable, as for the maximum of the viewpoint of 
a cleanup cost to thickness, 20 micrometers is desirable, and it is more desirable 
for the thickness of an electroless plating layer to be 10 micrometers or less 
according to concomitant use with electrolysis plating. As for the thickness of the 
electroless plating layer in the case of using it as an undercoat layer of 
electrolysis plating, 1-5 micrometers is desirable. 

[0233]ln order to fill the various purposes, such as improvement in sliding nature, 
in a plating tunic, organic matter particles, such as PTFE (Teflon), and inorganic 
substance particles, such as titanium oxide, may be distributed. 
[0234]A monolayer may be sufficient as the tunic to form and a multilayer may be 
sufficient as it. It may laminate with an electrolysis plating tunic. 
[0235]The autocatalysi s plating bath (chemical plating bath) which uses a reducing 
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agent as a plating bath for forming a nonelectrolytic plating tunic in the surface 
of the bond magnet Plastic solid in this invention, and the substitution plating 
bath (immersion-plating bath) by Nd in magnet powder or a substitution reaction with 
Fe are employable. 

[0236]Al though the plating conditions for forming a plating tunic are suitably set 
up by each plating bath, if the pH of plating liquid is low, while the adverse 
effect to the above-mentioned tunic adhesion and treating solution accompanying 
elution of a rare earth element will become high, similarly there is a possibility 
that a pinhole may occur in a plating tunic, with elution of a rare earth element, 
although it is possible to make the plating bath of comparatively low pH apply since 
the bond magnet organizer in this invention has comparatively little elution of the 
rare earth which flows out into plating liquid -- the pH of plating liquid -- 3-13 
-- 5-12 are desirably desirable. 

[0237]lt is because there is a possibility of film formation being checked when 
hydroxide deposits on the magnet surface, and causing degradation of resin of a bond 
magnet Plastic solid when there is a possibility of having an adverse effect by 
elution of the rare earth element which will be mentioned above if the pH of plating 
liquid is lower than three and pH exceeds 13. 

[0238]Since magnet powder will corrode easily if a chloride ion exists superfluously 
in plating liquid, as for the chloride-ion concentration in plating liquid, 
suppressing to 30 g/L or less is desirable, and suppressing to 20 g/L or less is 
more desi rabl e . 

[0239]As for the metallic component in plating liquid, in order to inhibit the 
metallic component in plating liquid, the rare earth element in a magnet, and a 
substitution reaction with Fe as much as possible in the autocatalysi s plating bath 
of **** metal, such as Cu plating, it is desirable to make it exist with gestalten, 
such as a complexing compound and chelate compound. 

[0240]Al though what is necessary is iust to set up the bath temperature at the time 
of plating suitably according to each plating bath, they are usually 20 - 95 
[0241] Al though what is necessary is just to choose various barrels, racks, etc. of a 
mode suitably as a plating device to adopt according to the shape of a bond magnet, 
when a rack jig is adopted, it is desirable to use a device with a point of contact 
of a bond magnet and a jig movable during plating. 

[0242]As mentioned above, a magnet Plastic solid with few openings can be formed by 

using the magnet powder containing Ti content nano composite magnetic powder, but in 

order to prevent problems, such as the plating liquid remainder, thoroughly, it is 

desirable to perform various sealing which carried out point **. 

[0243]As an ingredient of an autocatalysi s plating bath, a metallic component, a 

reducing agent, a complexing agent, a buffer for pH, etc. are used. 

[0244]when omission of magnetic powder arise during processing in an autocatalysi s 

plating bath, in order for an autocatalyzed reaction to occur and to reduce a bath 

life as a result also on the omissive magnetic powder, it is desirable to remove the 

magnetic powder omissive using the filter etc. suitably. 

[0245]There is a possibility that it will become a cause of a pinhole if the 
hydrogen generated although hydrogen occurred during processing in the autocatalysis 
plating bath sticks to the magnet surface as air bubbles, or magnet powder may carry 
out occlusion of the hydrogen further, and the characteristic may deteriorate. In 
order to control these problems, it is desirable to rock the jig at the time of 
carrying out plating processing, or to stir a plating bath, and to remove the 

fenerated hydrogen promptly from the magnet surface. 
0246]Since the nonelectrolytic plating tunic formed on a bond magnet can be grown 
up in autocatalysis plating so that the resin part of the bond magnet surface may be 
covered, can form without pretreatment of Pd catalyst grant etc. in a magnet entire 
surface, but. the case where the outstanding adhesion is given -- sensitizing -> — 
AKUCHIBESHON method and catalyst -> — it is more desirable to give the Pd catalyst 
used as a catalyst by publicly known methods, such as the accelator method, or to 
embed fine metallic powder on the resin surface by the same method as the electric 
conduction-ized processing before electrolysis plating. Pretreatment before such 
nonelectrolytic plating serves as indispensable conditions, when forming a plating 
tunic in the magnet Plastic solid by injection molding, extrusion molding, etc. in 
which a resin layer may be formed in the surface of a bond magnet Plastic solid. 
[0247]ln the magnet Plastic solid especially by injection molding and extrusion 
molding, in order to raise the adhesion of a plating tunic and a magnet Plastic 
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solid, the surface may be roughened with chemical etching, shot blasting, etc. 
[0248]To the bond magnet Plastic solid by this invention, it is possible by 
rationalizing the ingredient of plating liquid to form a substitution plating tunic. 

[0249]ln a substitution plating bath, in order to control the precipitate generation 
by hydrolysis of Nd eluted by the substitution reaction with the metallic component 
which carries out a substitution deposit, or Fe, it is desirable to contain 
complexing agents, such as tartaric acid and EDTA. 

[0250]Next, the feature of each nonelectrolytic plating tunic is explained. 
[0251]Since especially the magnet in which Cu plating tunic was formed is excellent 
in corrosion resistance and intensity, it is the best for the ring type magnets for 
motors etc. Since it excels in thermal conductivity, Cu plating tunic is used 
suitably for the magnet used for the parts on which soldering etc. are especially 
performed at the time of inclusion. 

[0252]Cu plating is excellent in throwing power of electrolytic colouring, and the 
bond magnet of this invention is that with few (small) openings as above-mentioned. 
Even if it does not establish a sealing process like the after-mentioned separately, 
it is possible to plug up a hole only with performing Cu plating, and a magnet with 
few above-mentioned problems of the plating liquid remainder is obtained by forming 
Cu plating tunic in the 1st layer. 

[0253]Cu plating tunic is formed as follows, for example. 

[0254]As a plating bath, publicly known baths, such as a Rochell salt bath and an 
EDTA bath, are applicable. An above-mentioned sealing effect is highly used suitably 
from the neutral Cu substitution plating bath which uses copper sulfate, 
ethylenediaminetetraacetic acid, and sodium sulfite as the main ingredients not 
having hydrogen generating during film formation. 

[0255]Since especially the magnet in which nickel plating tunic was formed is 
excellent in corrosion resistance and intensity, it is the best for the ring type 
magnets for motors etc. By rationalizing especially plating conditions, an amorphous 
tunic is obtained and the tunic which has the extremely outstanding corrosion 
resistance can be obtained. Since the magnet which was extremely excellent in 
surface cleanliness by optimization of plating conditions can be obtained, it is 
used suitably for the parts for HDD, etc. 

;0256] nickel plating tunic is formed as follows, for example. 

;0257]As autocatalysis type nickel plating, nickel-P plating which used 
lypophosphi te etc. as a reducing agent, and nickel-B plating using hydrogenation 
boron sodium and dimethylamine borane as a reducing agent are employable. 

"0258]in nickel-P plating, the tunic excellent in corrosion resistance or abrasion 
resistance can be obtained by boiling 7 - 15wt% and carrying out content of P in a 
tunic. 

[0259] Al though the bond magnet which has a plating tunic of this invention is 
applicable to various shape and the magnet Plastic solid of a forming process, in 
the bond magnet of compression molding with many holes, it demonstrates a high 
effect intrinsically. 

[0260]Since the mechanical strength outstanding by the plating tunic is shown, it is 
adopted especially suitably for a light-gage magnet, a ring form magnet, especially 
a rare earth bonded magnet with a thickness of 1 mm or less. Since it has the 
outstanding surface cleaning nature and omission of magnet powder can be prevented, 
the rare earth bonded magnet which has nickel plating tunic on the re-surface is 
adopted especially suitably for magnetic recording part articles, such as HDD. 
[0261] Hereafter , the example of this invention is shown. 

[0262] (Exampl e 1) Production >Nd:8.9atom% of plating liquid immersion examination 
<Ti content nano composite magnet powder, B: After throwing in in crucible 
12.6atom%, Ti:3.0atom%, C:1.4atom%, Nb:1.0atom%, and 5 kg of raw materials blended 
so that it might become the alloy composition of the remainder Fe, the molten metal 
was obtained by high-frequency induction heating in Ar atmosphere held to 50kPa. 
[0263]The quenching alloy was produced from the molten metal obtained using the 
strip cast method. By tilting crucible, direct supply of the molten metal was 
carried out via the shot on the cooling roller made from the pure copper which 
rotates with the roll surface peripheral velocity of 14 m/second (250 mm in 
diameter), and, specifically, the molten metal was quenched, when supplying a molten 
metal to a roll, the speed of supply of the molten metal in that case was adjusted 
to a part for 1.3-kg/per sections by adjusting the tilt angle of crucible by being 
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on a shot and shunting a molten metal toward two sections. 

[0264]As a result of measuring the thickness of 100 cast pieces by a micrometer 
about the obtained quenching alloy, the standard deviation sigma of the average 
thickness of the quenching alloy was 13 micrometers in 85 micrometers. After 
grinding the obtained quenching alloy to 850 micrometers or less, it heat-treated by 
throwing in powder using the hoop belt furnace which has a soaking zone about 500 mm 
in length with 20g the speed of supply for /the bottom of Ar style mind, and into 
the furnace part [ for belt feed-rate/of 100 mm ] held at 780 **, and magnetic 
powder was obtained. 

[0265]As a result of analyzing the crystal structure of the obtained magnetic powder 
using powder X-ray diff ractometry, it checked that this magnetic powder was Ti 
content nano composite magnetic powder which comprises a Ne2Fel4 B phase, a Fe23B6 
phase, and an alpha-Fe phase. 

[0266]Subsequently , as the obtained magnetic powder was mentioned above, referring 
to drawing 7 and drawing 8, it ground using the pin disc mill and magnetic powder 
with particle size distribution as shown in Table 7 was obtained. Particle size 
distribution classified the powder 50g using the standard sieve of 3IS8801, and 
calculated it from the powder mass of each particle size. 
[0267] 
[Table 7] 



[0268]As a result of asking for the aspect ratio with a scanning electron microscope 
about 100 obtained magnetic powder particles, the aspect ratio was or more 0.3 1.0 
or less particle altogether. 

[0269]The compound was produced using commercial MQP-B powder (the product made by 
MQI, true density 7.6 g/cm3) as <production of compound> aforementioned Ti content 
nano composite magnet powder (true density 3 of 7.5g/cm), and conventional quenching 
magnetic powder. After specifically mixing the epoxy resin (it dilutes with true 
density 1.2 g/cm3 and methyl ethyl ketone) of 2 mass % with each magnetic powder to 
the compound obtained, in Ar atmosphere , It kneaded evaporating methyl ethyl ketone 
and the compound for rare earth system bond magnets was obtained. 
[0270]Using the compound <production of a bond magnet> Obtained, a 

compression-molding bond magnet with a diameter [ of 10 mm ] x height of 7 mm. After 
adjusting and producing compacting pressure so that each density of the magnet 
obtained may serve as 5.9 g/cm3, it produced by performing heat-treatment at 150 
for 1 hour among Ar gas atmosphere. About the acquired bond magnet Plastic solid, 
vibration barrel polish was performed using the alumina polish stone. 
[0271] Eval uation nickel sulfate and 6 hydrate of <evaluation> (1) substitution 
plating 240 g/L, nickel chloride and 6 hydrate 45 g/L, boric acid 30 g/L was 
dissolved in pure water and the bond magnet was immersed in the plating liquid of 50 

of bath temperature set to pH=4.2 with nickel carbonate for 30 seconds. Some 
discoloration according [ the bond magnet Plastic solid using MQP-B ] to 
substitution plating was seen to the magnet Plastic solid using Ti content nano 
composite magnetic powder having been almost changeless. After being immersed in 
this plating liquid for 1 hour, the nickel amount which deposited with substitution 
plating was calculated from the fluorescence-x-rays intensity of nickel (nickel) 
about the magnet Plastic solid. A result is shown in Table 8. Fluorescence-X-rays 
intensity measurement was performed by the fluorescence-x-rays thickness gage 
(SFT-7100, the SEIKO instrument company make). Specifically, using tungsten as a 
target of X line source under 45-kv accelerating voltage. The collimator with a 
diameter of 15 mm was used and it asked for the fluorescence-x-rays intensity at the 
time of glaring for 15 seconds (value which lengthened the measured value (average 
of n= 3) of the sample without immersion from the measured value (average of n= 3) 
of the sample after 1-hour immersion). 

(2) After throwing into plating liquid 50mL of the evaluation experiment A of 
elution, and the conditions by immersion Ti content nano composite magnetic powder 
and three bond magnet Plastic solids which used MQP-B, respectively and neglecting 
it for 1 hour, the bond magnet was taken out and it was considered as the plating 
liquid sample for evaluation. 

[0272]The result of having evaluated Nd concentration in said plating liquid sample 
using ICP emission spectrochemical analysis is shown according to Table 8. 
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[0274]Since substitution plating at the time of plating liquid immersion does not 
produce the Plastic solid using Ti content nano composite magnetic powder used for 
this invention from the result of an exam as easily as the Plastic solid which used 
the conventional quenching magnet powder, the plating tunic which is excellent in 
adhesion can be formed easily. Since elution of Nd is controlled rather than the 
conventional quenching magnet powder, it becomes possible to lengthen the life of 
plating liquid more. 

[0275] (Example 2) By the same method as plating examination ---- and Example 1, 
compression molding of Ti content nano composite magnetic powder and the compound 
produced to each MQP-B was carried out by the pressure of 980MPa, and the Plastic 
solid which has shape with an outer diameter [ of 22 mm ] x20-mmx height of 3 mm was 
acquired. [ in inside diameter ] This Plastic solid was hardened at 150 ** in the 
atmosphere for 1 hour, and the bond magnet Plastic solid was acquired. 
[0276] Next, the covering layer of Cu fines was formed in the bond magnet surface 
using the indicating [ at J P, 2001-006909, A ]-to each bond magnet Plastic solid 
method. A concrete formation method is shown below. 

[0277] 10 kg of quality of single cylindrical Cu fines output (what cut the wire) ten 
bond magnet Plastic solids, 1 mm in diameters, and 1 mm in length was supplied to 
the processing chamber of the vibration barrel device of the capacity 3.5L, and it 
processed in dry type on with the pitch of 70 Hz, and a vibration amplitude of 3 mm 
conditions for 3 hours. 

[0278]Then, after washing ten obtained bond magnets, it could scratch, and by the 
plating method, the nickel-plating tunic was formed and the bond magnet of the 
example (Ti content nano composite magnetic powder use) and the comparative example 
(MQP-B use) was obtained. As a plating bath, it is nickel sulfate and 6 hydrate. 240 

g/L, nickel chloride and 6 hydrate 45 g/L, boric acid 30 g/L was dissolved in pure 
water, it is 50 of bath temperature, and current density 1.5A/dm2 about the 
plating liquid adjusted to pH=4.2 with nickel carbonate, and electrolysis plating 
was performed for 120 minutes. 

[0279]As a result of measuring the thickness of the obtained plating tunic by a 
fluorescence-X-rays thickness gaqe (SFT-7100, product made from the SEIKO 
instrument) (average of n= 3), the plating tunic of the bond magnet of an example of 
the 17.7-micrometer and outer diameter side was [ inside diameter side ] 19.8 
micrometers. As a result of measuring the thickness of the plating tunic of the bond 
magnet of a comparative example in a similar way, the 18 . 1-micrometer and outer 
diameter side was [ inside diameter side ] 20.6 micrometers. 

[0280]As a result of doing the examination which neglects the bond magnet of an 
example and a comparative example to 90% of 80 relative humidity, blistering 
produced the bond magnet of the comparative example on three plating tunics among 
ten pieces 100 hours afterward to 100 hours after having been [ the bond magnet of 
the example ] changeless in all ten samples. 

[0281]The electron beam probe microphone analyzer (EPMA) analyzed the magnet section 
of the blistering portion of the bond magnet of the comparative example after an 
examination. As a result, Nd, nickel, S, and Cl were detected from under the 
blistering portion. The corrosion of magnetic powder was observed with the 
blistering portion down side. 

[0282]As for the bond magnet of a comparative example, plating liquid advances into 
the cavity part of a bond magnet Plastic solid from the above thing. It turned out 
that it is because the magnet corroded when after plating film formation remained 
under a tunic, and blistering of the tunic arose easily with the corrosion product 
since the adhesion of the tunic was not enough. 

[0283]On the other hand, although the leaving times of 90% of 80 relative 
humidity were extended about the bond magnet of the example till 300 hours, the 
appearance abnormality was not accepted but adhesion was also excellent. From this 
result, the bond magnet of this example controls substitution plating at the time of 
being immersed in plating liquid by using Ti nano composite magnetic powder. As a 
result of decreasing the opening of a Plastic solid in addition to having formed the 
tunic excellent in adhesion, it turned out that penetration of the plating liquid at 
the time of plating processing and survival are controlled, and the outstanding 
corrosion resistance can be demonstrated. 
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[0284] 

[Effect of the inventionjAccording to this invention, a rare earth system bond 
magnet which has outstanding magnetic properties and was excellent in demand 
characteristics, such as corrosion resistance, and a manufacturing method for the 
same are provided. 

[0285]Even if the bond magnet of this invention forms a plating tunic thinner than 
before, it can acquire an adhesive property with the corrosion resistance the former 
and more than equivalent, surface cleaning nature, mechanical strength, dimensional 
accuracy, and adhesives. The cost of a bond magnet can also be reduced. Since the 
magnetic gap in a magnetic circuit can be made small by making a plating tunic thin, 
the utilization efficiency of magnetic energy can be improved. 

[0286] Accordi ng to the manufacturing method of the bond magnet of this invention, in 
addition to the above-mentioned effect, effects, like the life of plating liquid can 
be lengthened are acquired, and the manufacturing cost of a bond magnet can be 
reduced. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. """" shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing l]lt is a graph which shows the relation between maximum magnetic energy 
product (bh) max of the Nd-Fe-B nano composite magnet with which Ti is not added, 
and boron concentration. A white bar shows the data of the sample containing Nd of 
10-14 atom % among a graph, and the black bar shows the data of the sample 
containing Nd of 8-10 atom %. 

[Drawing 2]lt is a graph which shows the relation between maximum magnetic energy 
product (bh) max of the Nd-Fe-B nano composite magnet with which Ti was added, and 
boron concentration. A white bar shows the data of the sample containing Nd of 10-14 
atom % among a graph, and the black bar shows the data of the sample containing Nd 
of 8-10 atom %. 

[Drawing 3] It is a mimetic diagram showing the R2Fel4B type compound phase and (Fe, 
Ti)-B phase in a magnet by this invention. 

[Drawing 4]when Ti is added, it is a figure showing typically change of the fine 
texture in the crystallization process of the rapid solidification alloy at the time 
of replacing with Ti and adding Nb etc. 

[Drawing 5]Ca) is a sectional view showing the example of an entire configuration of 
the device used for the method of manufacturing the quenching alloy for the iron 
group rare earth alloy magnet by this invention, and (b) is an enlarged drawing of a 
portion with which rapid solidification is performed. 

[Drawing 6] (a) is a perspective view showing typically the alloy before grinding, 
and the powder particle after grinding about this invention, and (b) is a 
perspective view showing typically the alloy before grinding, and the powder 
particle after grinding about conventional technology. 

[Drawing 7]lt is a figure showing the composition of the pin mill device used by the 
embodiment of this invention. 

[Drawing 8] It is a figure showing the pin out of the pin mill device shown in 
drawing 7. 

[Drawing 9] It is a graph which shows the heating mass rate of increase of Ti content 
nano composite magnetic powder used for the bond magnet of this invention, and the 
conventional quenching magnet powder. 

[Drawing 10] It is a graph which shows the density of the bond magnet Plastic solid 
formed using Ti content nano composite magnetic powder in which particle size 
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distribution differs. 
[Description of Notations] 

lb, 2b, 8b, and 9b controlled atmosphere feed hopper 
la, 2a, 8a, and 9a gas exhaust port 

1 Dissolution room 

2 Quenching room 

3 Fusion furnace 

4 Hot-water-storing container 

5 Tapping nozzle 

6 Funnel 

7 Rotary cooling roll 

21 Molten metal 

22 Alloy 

[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. """" shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 

[Drawing 1] 

[Drawing 2] 

[Drawing 3] 

[Drawing 4] 

[Drawing 7] 

[Drawing 9] 

[Drawing 5] 

[Drawing 6] 

[Drawing 8] 

[Drawing 10] 
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[ff«ll3] miie#±»-^Am*{i:, e@>?)i3 8^m 
JilTOltrlET i ^^-t-y a^^;^'^^-^ 8 

0 . 3 tJl±. 1 . 0 tJlTfOKHF*] t & 5g>?f5K^ ^ 7 0 « 
*%^tf . If ^11 1 /i> 3 i7) I ^irKMzim(^n±mJh 

S^^Ji: , 6 0 m I,l±. 3 0 0 x/. m OT^O ¥*i3l¥ § 

[If^il6 ] MKT i ^^^jayii--Jy vm^m^ 

m^ma ] mriaa^o § ^gnoMiPti 5 // miii± 3 0 
u miiXTTh h It^II 1 5&^^> 7 ^'ftlii^Ztm<r)^± 

[ff^^ag ] y yymm^^^mim i scov-^ 

[ ft^ii 1 0 ] ft^Ji ii:)-^9cr>\ ^■ttfh-f.zmm<7^m 
±mmTr^yfm:a^mx.^=^~'^ . 



yM, (T{i:CoiDj;tA'N i /{)^A>^-Sff/j^(i.®iR$iX>^^ 1 
«m±c07t:3l . Q « B a i V C ^- S A, SJK S tL 

{±LafcJ;tACe ^ 1 aiiliiOfti^ 

iX. 10<xg20il^%. 6<y<10M^%. 0. 
1 g z g 1 2m.=f-%. *3 0 gmg 0 . 5 ) T-iM§tL 
l.fflfiSc^*L. fio, 2«^m±^03fijlttMH^Bffl^#* 
L . 5SK14ffii^JT±^ISH^HS@>6^" 1 0 n ml,Xh 2 0 0 n m 
iilT. 1 nmiyji 1 0 0 nm 

&rfcr>mm\^f<zhh^m^^i-hTi-^-^'r/^y^°-j 
-i-tf. TiiyYmEm&w^mm-^jMb. 

[000 1] 

^(^mmj'mzmL. mz^ mumm<^mm^z)^-i^ 
w.mmm^ttfzm±m.^^^y YmEiii.if^<r)mM)i 
m\.zmth . 

[0002] 

m^ffMm'i lift. --ii'> Kffi5{i. #«^-^. 
[0003] mM. ^^y YmEm<m;Em^h lx. Ma 

gnequench Inter national (lilT. rMQI^tj i;B& 

Feioo-a-bBaRb (Fe(i:^, B{iiiS. R{i, 

Pr. Nd. Dy. i5 J;t^"T b ^^^>^Sp?5)^^JltK$iX 

/::ii'^^c< i; 1 1 fflco#±ffl7uSg ) cnmm.xm^ti. ^ 
<7)»fi£5t*OaiDj;t;fb:^i, 1 JS^ % S a S 6 11^ % . 
i3j;l^l 0M^%^bg2 5M-?%iOM«Srp^LTi3 

[0004] MQm<<zixm^fihm.m(n>^^y FK^fflo 

(y;P-h:?'X>-^yi5'" (melt-quenching) 

m) ) tLx. {mm.m^z\±^)vvx\^-y 

y (melt-spining) ffi) >e)^ffll^^>ix§ i 
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m7j£^i-^m^i}^3 0 0 JUL raviT (mmmumi s o 
[0005] mM<^M^m^-m^tmm ( ^zx-a. 3' 

[0 0 0 6] ^co-nyj^^yY^. mmSM^m. 

\i!,Lmm'^m]i!,mB\,zi.-3xmmmmmmL. Mim 

Ym^m^^ti^ . 

[ 0 0 0 7 ] YmEi>z\,mMm^(nm>,zm.^^j:'mL 

tmm^ti^. ht^LTf^yYm;BmBW^^<nt.t.^m 
i.tz^-^i>zi,t^ 'imt^ix^^mimtz^^j:^^. 
[0008] muf. i^^mt Lxmm^m^fzm^m 
mm^. ^vmzimmMm%<. m^z^-9m\>zm.m 
^K^mmm^^ivf-z v yymwB^k'<^mm^co^m 
m±. »\ii'¥xn^:±tm^\ m-^x. ^^yYm?6fizm 
i^^^<r)ttm^^i>t. 't-^m^u.^mizmE&jBW 

[0 0 0 9] ttz. ^'yYm^mm^^cottmm't 

hh. it^y Ym:amm<r}^mti^iomm \^fzm?sm.i- 

^-=2ri:fcffiffl$tLSVN-h'7-VXi?b'5-f7^^S (H 

DD) fflc^gPn°o (Xt> t4^>K?S5 

m LtzmEmi'MMm^zim^fifzmm^mm-t^^j: 

[ 0 0 1 0 ] if^. m^^:mm-t^ Z. t iZ^ -^X^^alZ 

^ifizMLx+^y'j:mm^m^ni> zttimL<.mm 

'^mtsmmmcomwM^h.x ttozt^^hi.. 
[0011] ±m<Dmm(D^^^m<rzKbiz. mz. j± 
mm&'^wiif, Lm.mizj:'oxim^tifz^^mco^^m 

x-wm-th ^tifi^^tix\^h . 

[00 12] 

*LTv^si><?)<7). ^±wjtmcr>^^mifm''^fz>i:>^ m 



[ 0 0 1 3 ] ifc. ^'>%wm<rim^m: . imm^ 

< crM±m7tmti-i^'y mm^zmtnL. mmym 
mmm$tLfz>o. m-ma^-^^^^^trz*) . -mmL 
fzm±mjvmtmr/ib -o ^ mm^ i,zmK)S-t titz o t 

x^zht^hh., t.tz, z<^i^'^^m^izm^Ltzm±m 
Ttmtt^ib-o ^'m^^zmmjth t . ^^^sM/zw^i^i^ 

ab-y ^ rn-fexfctji-^TJia^o ^ m.<O^Mttm^l•ofzKf 
[0014] ^7^^, #±pjn*iSB8fl:$tiWv^jti6. 

mmcoMi%m.Emm±^±m7mcrm^t^zj: -oxmm^ 

tt^^^-ft L^-rv ^t\>^5 ^ « 

[0015] § ^.i%jm. 

0//m~#tl40/^m) i t j; -5 Tf^^iX 

^Mf.^^ LX x^?>m?BmM± , 3 yy'^^ y Kcofl^^iS 

mrz^^mmtmm^ 

[0016] ttz. !r^yYmEcr,mmm]ti\^±.-t^tz 
Mz^ msm^co^mm^m< l j; a i: t-c . 

[0017] §^>tc. m'f-mmi:^Lxi^i,m?Gm^ 

mi^(^mm^zmmmf&^ivh t . ^^-o^mmmm^ 
mwLfz 0 . nb-^^mmizx^y^^-juiimm^ti^ 

\\ tfz. mmizib-^^m^xt'timALn^-t^^t. 

MTtm (R) Sr^<-i-tf<7)T\ Jg:t^jS;!r^i; LTRc?37ic 

[0018] z.tLt^aymM.ii'^. mQim\,z^m.^fLhm. 
^<m^-!^(mM^m\yrz^^y Ymaiiz^sb-^ ^wm^m 

J^t. -\-^ti:m-k\i.^^^h^^y YmPa^^hfz^^z 
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[0019] --fi. ig^, Tf^y 

■nvi^-j-/ Vrn^M. M/:a"F 63 B^^F Bg^cOSiC 

IWl 1-362 1 0 3-t*3J;tA#jl2 000-37 1 
7 8 8-^BB) „ t3&^t=5r:^«'o. #*(7)Fe-R-B^ 

[0020] *fgBJ{4±iB*WfciS^T=5rS^i:^ct«0-C 
[00 2 1] 

HfriE#±«-^^^*{4, (Fei.,T,) 

100-x-y-zQxRyM, (TJiC oio iVN i ■h^t:>t£hMti~> 

'i. mW. S 7C*T fc o T B ^ ^--r-^tf d'-^r < i: 
iac7)7C^. R«LaBJ;tA'Ce&||«Wt=#t^rVU 

ffllil±<:0#±a7t:*, MiiT i . Z r , J;?^"H f 

t/'my&i\ -eiX-PiX. 10<xS2 0M^%. 6<y<l 

0M^%, 0. 1 ^z^ 1 2J®^%. fcj;tXOgm^ 

0. 5) T-iisfL-i.fflfi!c^^t. a-:?, 2mmx}Lcrm 

W&^^nWk^^}^. WffifflOT^^amSj&n 0 n 
ml3l±2 0 0 nmOT. 1 n 

mlil± 1 0 0 n mI.:ilT<7)iEHl^(;J>Sfflli&^-f--?. . T 

[0022] HfrlB#±M^^f;]'*«i. 5 3 mJil 

TOffflBT i ^*^y rjy;j-°>>- y l 0 



[0023] mlE#±li#^^*{±, 3 8 // miJi 

[0024] mm±m.-^M^Mi. rx^9 vm^ 

0. 3lJiLtl. omTcOlEHF^fc^-SB^m^^TO® 

[002 5] mrlET i 3 >'*.°i> >/ bMm'*^ 

^ {i . 6 0 mlil± 3 0 0// mi;iTiO¥±W § tOS?^-^ 

S ^ ^: t J; -5 T# i^iXTt t> h:L)^ tm 
[0026] mrlBT i ^w-^y 3 >'t°>--y 

ASr«j'i^-r -1. ^ i: i -5 T# ^^n/S i> OT* h^h 

[0027] MiBi^5ji£?f^*{i. s.mmmi:m\-^xm 

[0028] BUiE46-3 ^Wm<r)mmi. 5 /fm]Ji±3 0 /x 
[0029] U >'^M^^^I.#JJSm4^> HMSi: 
[0030] ^isJiafl^^^iHi^jJfyh'iSSii^-^tcW 

[003 1 ] :^^mi,zx^^±m^^^y vma<^mmjj 

mi. ffltit (Fei_„Tj ioc)_,_,_,Q,RyM, (Ti± 
C ofc j;t^'N i :^)^A>^:l.|¥/?)^A>SfK$ix>^^ 1 StlitOTC 
Q{±Bi5j;t;;"CA^^,^:.g.Sf*^^>aJK§fL/::7u«T* 
'5TBSrie^-r#tfii'^*<i:i laOTU*, RiiLaiciJ; 
X/C e ^Sr^.^ 1 «m±<7)#i:^7c*. Mi± 

Ti. Zr. i3XVUfi)->£:>ts^mi}^(:>miR^flfz±m 

TtrnTh-ox. T i ^ie:<-r-&ti'ii'-?5:< ti,i aco^JKTc 

fflfi!ltt*x. zi3j;t/m*\ -tiX-etL. 10< 
xg20iE^%, 6<y<10J^^^%. 0. l^z^l 
2M1^%. BiVO^mgO. 5 ) T-Jl^tl-^fflic^r^r 
L, ^ao. 2a^IlJJli:0?S®KSfPHffl*#*L, 
fficr)T%*Sliafl>6n 0 nml2JLh2 0 0 nmJilT. $m 
m^CO^i^^^nm^ 1 nmKLt 1 0 0 nmOTOffiffl 

[0032] 

(^mm^zmi-^tifz^-^^mmtk^L. ^±m^mi 

* (JilT. r^iJj tm-t. ) Ti#*-^yay*f 
[0033] *^BJOr}i >- Vmati^'^tsT i -&*-^y r? 
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MiK $ tifz-^mjtmTh -5 T . T i * ^e^-r^tf < 

1 1 lfflO#«7t;*. ffljS;i:t*x, y. zUXX/m-^K 
^tl^-fl. 10<xS2 0S^%. 6<y<10il^ 
0. l^zg 1 2M-?%. *3j;t/0gmg0. 5) 

H^Hffi^#*L, 0 nml;J.± 

2 0 0 nrnmr. tXj^ttffliO¥i^^B^BS@?&n nm^i 

1 0 0 nmaT<7)mmf^izh^m.m^^Lx\>^^ . t i 

Jt^x. ztS j:?/m;e)\ ^tl^tL^ 10<x<17 
11^%, 7SyS9. 311^%. 0. 5SzS6iS^% 
&}«Mt-i..ri;*^»St<. 8gyg9. 0^}«M-r.S. 

it>6^$^.tc*f4 LV»o 5rfc. 15<x^20E^%<^ 
isl'tcti, 3. 0<z<l 2M^%^}SM-r.&ii::^>*f 

[ 0 0 3 4 ] T i ^^-r/ayTi^i^-y vmmi.. AM.(r) 

w&m b timmit!:^mm-5.imi<zii ->xm^ lx a 

mizJ^^-Jl-^—W. (BH) max: 70k J/m^ Jil 
±. ffil^^H.j : 7 0 0 k A/mliLh. SSll^^JKB 
, : 0. 7Tiil±^SeEg-C#, ^i^iZii. 
— m (BH) max: 90kJ /mS 0,^, f*^:^: 
H,j : 80 0kA/mI,:Jl±, m^mM^^mB, : 0. 8 
TJili^Hig-C'S -i. mt&. Ti£cr)a3#B3) , 
[00 3 5] T i-t-^-^-yrjyd^v'^y hSS 

li. m:^cr,ayj'^^y]itmmm±cr,m.%m^^^mL 

T i-^^i~yay^iy-yhmm<^^imB 
[0036] *^0J!(7)d^>K«^t:fflv^^tL^T i 

■ryayTtizJ-yh a»c7)#±p,-f *»{±Jt«WiJ'-=5: t 



X\ m:k^fmt LX . #±^llc7)7j<^^kiiii <0 . 

h^M) ^±i,z^f^-r^. F ecr,7m^mtfzii7mm 

[0 03 7] $ii>tc. Ti#*-^yrjy;ifi-'-yh?l^i± 

mmtmrn^tifz o mmmH&r-t^^^ fco^mco?^ 
fih. $ii>t:. ^:y}^m?Gjmm^^mmm^^(^m± 

m^^^bifiX'^h. 
[0 0 38] IMLfzXoiZ. 3|s^BH(;j;STi-#W^ 

m^tmmiii±c')mM.m&i:^^^f3fx-^^< , m:k& 

com-M^t t T i -^^i-yay:t^=J-y hmm^^ 

t^^^yvm^mmmm^x o i^m^<7)i^'y^mmi,z 

X-yXim^tth fzi^Xti h « 

[ 0 0 3 9 ] * fc. mk(7ymmL-mi-MmWim^m<7y 

mf^A•'^\^^}£m^3^Tmmom.\nzxhmmm.(n^ 

2Fel4Bffl^K'9ffl^^J;3 t/J^§ ^:i§ ftM^>'^ffi[ t 
Tfc "9 , ^ ^(CT i JiRs F e 14 Bffltt 

m\mm<^^±fz\iRtF ^^iBm}zm\mmh<Ty 

4^°i^''y v-mm. m^<r)m:i%m^mMz^^mm\\mz 
m.fcz\^h. m-ox^ t i-^^-ryayit-'iy-yhrnvMi 

m^iz^tit^mmco o ^ , s@?E)i 53// mOT<?ofe^5t5 

[ 0 0 4 0 ] Sfc. jl«^c^5E«ttSr#j:-ri. . 5 3 // 

mmrtoa^e^ * 1 omR%ii).±.^t^z t tmt t 

<. 2 0«M%iil±-irO<ri:>i)>$^jtc*FiLv\ §/i> 
tc. ^^cDft V ■^mm^:^^ tz)sbcr>a yt ^-^ y h' t{4 . 

ssj&i 3 8 u. m.\:xf<^wmm-^ B.mM%\:x}L^tmm 

* fflV i >; a L ^flAi- 5 3// miaTc7)^'*S 

^ ^ 2 0 «a:%li^±-^^T■^L . ^iij^^T i ^^-rya y 
^=j'y hmmT^iiii. t^yvm^mmmcommmm- 
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[0041] -^t^^^^KfilSfflfil^fi:. mi^mtl^S 
0 OAtmlilT (^Mmzl±3 0 OAimlilT) C^M^^J^i^ 

[0 0 4 2] ifLt:iS?ft. T Y^-^-Yj-nv^iV^vvm, 

«\ immi^m-thtz^i.z'mwm^ 3 - 1 5 5 6 o i 

[0043] t.tz. mPfiMi^ 53)x mMT^ i: <?)Jt«JW 

=5rs. ^-ox. mmcn^ -y^w.mmm^nxc^^±m 

[ 0 0 4 4 ] T i y :? •■/ )- mfi>^%tjmm 

^zisv^xh. mmti^^m^tLhfznx-^j:< . n^ixh 

-J-/ hmm^m\'^hZb><Zi.-^X. 4^>HM5ffl=i>-^N° 

^is;^'ftT-^:< . Tf^y Ym^<^mmzi5\^xT i 
m.%mmzm.K^. 

[0045] tfz. ±5*0 j; 3 (C©@*^'J:t«?S^/J^S^T 
Ht=SPt>^)%M$til..Ii:^»JSti.&« fig 



[0046] -fihib. T i -^^-^y ay,ti°ix-.y hBB 

t i t^y YWBcomm^^ > ^Tff ^ ^ t ib-x-^ s 

< . H D D ^: ii'iO n >- b" J. - -gPn°p^ , a 

m^m^^com^izm^^ztii^x^^, 

[ 0 0 4 7 ] $ b'?15*»'-irtf#i^ 

A*&*^f*:c7) 7 0 «*%j;l± ^ r :7 h i:tt> 0 . 3 

i^Ji± 1 . 0 \i).rcom^m.^tT^ zbiz^-^x. 
^ $ ^> iz\^±~t^ .1 1 j&i-c-* , K-:>. smm,mmcoxy° 
uy^^^'y:?im\~t^:it-^x^^, m-yx. ^i^l,Z 

ai. ; i: t J; § ^> l^ffiM-r I. i h if^m 

xh. mmcDSMfm^^y vmpEX o hmm^^iri^i:m 

[0048] t.fz. TX^^hittl'^O. 3J.:J,±1. Olil 

-rcrmMiL^\±mm><zi,mrL^z< < . mawi^^c^im 

hLx. ^^y YwammwumcrmM'&.^^i.-t 
hzh t^x & , jsmt LT , -5 s m<7immmzn o 

[0049] *^BHfc J; rmSii^^t^T i 
y u y:i-:iy -y hmma . mzim-th J; -3 1 . T i c73i!i 

( 1 o2~i os»c/#) T-^A^^^^^^ai-ri-^tti 

<?lj^if, n-/U^SSaffi^l 5 

■^^am LX t±IB«^«ffl^^#§ >r t ¥X^ h . 

xv'}-/r^^xvm\i. mm.mzmt^cox\ ssl 
[0 0 5 0] xh^) 'yT^^xvm^m^'^x . mul. 

6 0// ml.:l± 3 0 0// mmrcOJSS <Oll?^-^^^J|^fig; 
L. 70//mi:^r-i>J;at:, M;t{f b° 

^bJ:t>6iO. 3lil±l. 0lilTi^^i^j&^^>^S)|5^7|5^^ 
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h^^m^Mi^mMiiznh^thX'^^. 

■^■^m^co 7 0 rx^i^ h jt*^' o . s m± 

cnfjimti't-thi^iz^ rx^^hitt^o. stJiio 
mmm^t LXT i-^mi-y^y^'J-y hmm&m>^^^ 
:iti}^X'^^. 

[00 52] 3(s:^B3<7)4^^ ]^mEt,Z-^ttl^ T i 

[00 53] mzm 1 &#R3 t^3i«^>i¥^.s X o iz. 

nhft^i&m (M;t{f3 0 0°C) t:i3V^-rtK^t,$tLii 

c^iJi^^SftiK . T i ^^i-ya yt'i^v hmm(^ii 
ti.fzmm\m^m^Lx\'^h . t i^^-ry^yyi^'j'y 

ayt°'J-y hmfji'&M-^LXm^^^M-^izii^ 3 0 O'C 

vxt3 5 o'caTiriMmi^mx±m.^t,z i mmmmLfz 
^kcomm-k^mti^ 0.24 wm%^nxh hmm^mm 
L. zmm^-^XTr^y^m^^M't^zttimtL 

[0 0 54] i.fz. Ti-^^-i'yziy:^~y-yhm:fM±, 

m:tifzmmimi^^^<^x\ ^m±mm-t^ ; t 
mx'h-yfz. mj^.tfzii.mtj^.'¥m^^mm mm. 

h LT fflV^^ i i; :^)i-Ct' I. „ M^{f . ©[^L-irv^^" 1 8 O^C 

izmL'^jj^2 5 o°ai).±.com'^mmim^m^-^x%mfS. 
jmizx-ox. mm^iimi^zmti^^-^mm izmm-^-t^ v ^ 
T^y \^mEfmi^^'<§h i t t'^x^ ^xn. :^mm9 

S K687 0) l/ZX-yXMl^fzi^i:^^, tfz. 

mm:kmzmtix i^^tzuh. mmimm^±%'^xn 

t J: 19 , H D D ^ t^xmm t^j:6T^h 2r W 
i. ^ fzi^<Dl}\mM:^'X J; 0 ft;^T1f i. -i> ?ti6 . HDD 



^b'lzX <0mLfz^^y vmEt:n^ :ihifiX^ h . 

[ 0 0 5 5 ] j; a {zmhk D ^mwmvmm^ 

s . mmM^m<^mM,i)-^. t i #^r-^y ^ h 

y^-'j-y hmm^iftt;Lxm\-^hm^\>z\t. ^m^f.zA 
0 0 'cx 1 0 ^^-PbIkb L^ci^^^K-fktc J: ^'^mmm 

0. 26 n y^^^ y K ^Mv iT^y \^m^ 

[00 56] IML fzT i -^^^ yziyif:-J -y hmfjit)^ 

iiic^mm^?^m~t^m^<7)^x^+-^i,zmm~t^fzi^^z 

it. mm-^i^co 7 0 t i y a yit^=y 
-yhmmt-th^tif^ltftLK. T i^^i-yay:i(i? 

-y hmm(^^im^^x^^yvm?Gt:im^^ ^ttfimh 

[00 57] :$:?hmi<zx^ t . s&mi^(ommt:m'j^-^ 

ffix^^cox\ mmx t^i^zmmmmmixtzt^y 
Ym^tmm^tih, m^^h Lx»Mi\:j)mm^mK 
mui^mmxim'th t . wf^icn^mm^s 
m.%^i}L<7)ir^y Ym^im^i.z%^ z t ib-x^ i> „ mm 
t Lxm^m&^mim^^x. mmmiiimMXfS.m 
-t^mi^izii^ m.f^<^yt.mmt^6 oim%iii±<D:f^yv 
ma^m-mzmh z t ti^x^ ^ „ 
[0058] mrt. ^^mizx ^m±mMt^y 
iixx/^t^m^iomi s ^^zmmizmm-th . 
[00 59] c T i ^^-rya yt^iy -y vmm'} ^-wn 

X^ttihT i-^^i-yziy:it=j'y hmmit. Ti^-ir 

xmmLfz ^mm.^fix\-^6. z c^^m^mm 
-^Mt. Mmi-^tii>(7)Xh^iiK smizmi^xmm 
^ti. wi>z^^t^m>^i^ti^. 
[0060] :^w^Mmi±. m^mmcomi^^^-t^mm 
«±M^^^T i ^:mm-t^ zti^zx*). ^Mmc^^i^ 
mmmx^t'^K. mtitzmM'^m (mzm^^mmti 

1, a - F e mcomin, ■ fs.-^^m\ L . mm^m^mR a 

R2 F e 14 Bmit^'mm<^Mikf&M^»m'0:^^-:>i-^-iZ 

mn^"^^ z b ^-x^ ^zk & mm Ltz . 

[0 06 1] T HmML^-A^-ofzm^. NdjFeii 
Bffic7)it(fm ■ SiS.MlZ^fz-iX a - F e ffi^^Wm L . fS.M 

L^^t^o ^(7)tzi^^ Mi^^^izM^^m^B-itmrnrnti^ 
ST Ltz^mxii. mm^co « - f e m:bm:k^t lx l 
t\>\ mxfzmMmt mizu.j^m^) **#^>#x5r 

[0062] ZtazML. T i ^mMLfzt^-^i±. a - 
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F effic?)tfai ■ 4 9X (kinetics) tmK 

D , wffi ■ ^M:^z^m^mi-^fzih. « - F e mm 

l,It^t'^tfl'r. mmmimc:>'P. tfzit. NdjF 

[0 0 6 3] -f^xhh. r^m^cr>^^y]-m:^\^zm^^ih>K 
i^^-tyuyTr^=j'vV mmt . t i oiii §^ t j; ^ 
xwmmim'^a - f e iimxw&mti^mmit^tL 

hth\,Z^ Nd2Fei4Bffi*i%-lc3i-fStt, Lt^hn 

d2Fei4Bffi(7)^z^Wi;b*c^St.^-^y=jy;Ki/'-y bffiSi 

[0064] iilT. :*^HBc7)4^> VmE\>zm^^hiXhT 

[0065] ^WR^zi: h K?15*i>-^< ^ i,#tf 

iam±07u*. QiiB mm) nkx/c {mm) -b^t^ 

1 «IJLhco#±pjE*, M{4T 1 . Z r . i f 

S>'9, T i Srie^•r-&^T■V■^^<, 

[0 0 6 6] ffl)3)cit*SrSS-r.|.x. z.iDj;t/m 
{4. '^-^X'f'tt. 10<xg2 0JE^%. 6<y<10i^ 
0. lSz^l2Jl^%. tjitXOSmSO . 5 

[ 0 0 6 7 ] T i ir^^y 3 >^*.°y--y hmii. #±*i 
7cSc?)ffl)^Jt**^^*isto 1 0 mFt%^mx'h h\<zh 

[ 0 0 6 8 ] T i '^■^■ryay^i^--y hmmTit. mm 
mzm.msiim'^ « - f e j; ^ t^immm^tm^ lt 
[ 0 0 6 9 ] T 1 ^^-rjayna^-y hmmit. nm^z 
Fe&^*L-ct^^„ zcommm^mit. mm. Fe 



3B (mmm^iLi. 5T)^Fe23B6 (mmm.'iti. e 

T ) Thl . ZZX\ R2 F e 14 BCOimmitHR fj^^ 

d(7)t^mi. 6TX'$iK). a-F eff)mmmmt2. 
[0070] m^. B(7)mmm^iin om^%^m 

L*^t#±^7Ul|Ri0fflfi!cib*y*i5M^%m±8 
ili^%IilTOtEiat: $) h . R 2 F e 2 3 B 3 1)^^ S ti 

htiK ^<7^kd^j:m^mm><zh^mfA-^^^mv^^^ 

X'h-oXi>. ^WMcoX -5 i>zT i ^ma-th >r t J; 

K). RjFejsBsfflO^ti^Ot:. R2Fei4Bffi. fiX 
V^. F e 23 Be^F e 3 B^r^-40MI4i^»iiM^ffl&^ 

j^-r I. ^ t j&^'T-^ ^ » -r^r^b^ , T i imM-ti> ^tiz 

f^Lfz^mmmiimit\^±izm^-th . 
[007 1 ] ^mmmcomm^zj: it. n ^mnuLfz 

^fzi1r. V. Cr. Mn. Nb. M o^ct'OffiOffii 

i immttzm^izu. m'^<DmcomM7tmtit^. m 
mmm<7)Mm\ttfimzB:it^^j: i>cot^j:-ofz. 

[0 07 2] ttz. 'Zcr)Xd^^T imM^m±. B^}-! 

o!Kl'%imthmi^lzmm^z^m^tlh . liiT. m 

[0 07 3] 01 {4. T ii)<mu^tL.X^^^\>^Nd-F 

e - Bm?E-^-^com±m.M:r.^^^V'^-m ( b h ) ^ 
Bmb(^mi^i:^-t^^'^yxhi . ^'yyp. aws- 
i± 1 om^%\iLt 1 4is^%OToN d ^-&*-r.?.if(:« 

Ox-:5'^*t. HVvs;-{i81I^%l^:il±l 0M^%* 
m(7)N d Sr-i-Wt--l>M5^4cOx- ^' t:^ LT V ^ , i ^x(; 
*rL. 132 {±, T i ^i?^SD$#l7"cNd-F e -B^5-^ 
AcOfti^^amJ:^-;^^^-^ ( B H ) i: B i: c7)MfiSr 

i/^:?*. avVN"-{Jl 0JS-?%]Jt 
± 1 4M^%mTcoN d ^-tr^^LM^^IcT^f:'-^ ^^i^ 
L, ||Vvs;_{i:81K-?%I':Jl-hl 0Ja^%5t^iSON dSr-^ 

[ 0 0 7 4 ] la 1 t^hm-^h XotiZ. T 1 *J^JD$^XT 

w.i'%^mx.x^<^j:ii<z-)ti. m±m%:i^^-H'^-m 

(BH) „,,3;)i'ffiTtTUl>. Sfet.rc7)ffiTc7)S« 
{4. N d o-^W»*^'8 - 1 0 J; 0 < 
^ir-g>, iOJ;5^^tIrfiI{±^^**^^^^^>^^Tfc'9, Nd2 
Fei4BffiSr±ffii:-ri>a5^A(c*JV^T{4, BO»^ 
1 0 %iiiTfcKS^-S i LV ^ t #x ^>^1T 

^tz. mUi. zmmf^A. 8 3 6. 8 6 8-t{4. Bit 
5—9. 5il^%c?)||)[ffiMSriB^L. St:. Bc7)*7aL 
l^fEH^: LT4iS^%lil±l 2iS^%*}1l. J;'9i?4L 
V ^IeH i: L T 4 %J2t± 1 0 M^%OTc0^ia^i!c* 

[007 5] :L-iX{zn LT . T i ?&i^3sSD§fL:tfeeftT 
\±. m2i}^s^ht-H.di>z. Bj&n OiS^%^S;i^^ 
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i.ffiHT«±ilMx^.;k=Jf^-« (BH) ,a,*^'l^a±LT 
V^S, ^<50|tl±{iNdtO#^r*3&»'8— 1 0iS^%<7)«^ 

[00 7 6] HcoXdl^z. Btn OMl^%i:mti>tm 
[ 0 0 7 7 ] . 2|=^Bg<7)#±p^;|<> KJ^^^^ii^-^ 

[0078] C T i n y*ri/>y harmmj^^^- 

, (x. aXX/ml,^^ ^ti^'fl. 10<xS2 

0M^%. 6<y<10Jg^%, 0. lgzgl2iS-? 
tJit/OSmSO. 5) X'm.^tlhW^^(7)mm 

t:^^^mmm'pTi%m l . -ttiiz j: ^ t Rs f e 1 4 b 

t:i¥m^h . ^.i%^^^<^R2 F e 14 BM-ft-^^fflO^ 

im^mmtmx. {f s 0 n m tJiTt:-r ^ .r t ^ , 

[0 0 7 9] ?<fi-hx\i°-y^m'¥xh^J y-r^-^xh 

m^KtS 1 . 3 k P aliLtCOmm^^Ti^Mi-t^ . ^tl 

iz^K). ^^±m»i±. i^sin-ji.tcomm.i^z^'yxmi^ 
[0080] ^mm<7mm\.z^mt. mmosHM 

i]X<nW.M±. 1 . 3 k P aliLfc.-r-L;6^i>ajE ( 1 0 
1. 3\!LVs.)\^XYmmth^):.ifimt.\^<. 10k 

p am±9 0 k p a]iiTi7)iEiiit;-r'& .1 1 fmxzmt. l 

v^. j;'9*f4Lv^tEHI{d;2 0kPalil±6 0kPaiy,T 

[0081] }L%mm9jj:^'s.-h<nio h x\ u~)vmm 

<^^^^\<z-^t.tLh Rs F e 1 4 Yimt-'ixmm(^m^B%m 
T R2 F e 1 4 Bm.it-^mmim\.z±^ < o . m^mt 
[0082] mmiiZi. ^ t . n-)vmMmm.^<7ymzn 

* L -^ffiSKi 5 m/mXh 3 0 m/?(!fmTT'S) "9 . 5gt 
tJtL\ ^tEHJi 5 m/mj± 2 0 m/g.^OT-r-J^ , 

[ 0 0 8 3 ] . ^m^^z k h Tf^V YmSii^-ktsT i 
- F e ^JJi: /vfWm^-Itt'. mWxVii F ei4 B 



•fciifts rr^/t-^r^ffij tit. m^mm^^^-^i^z 

t fzim^ ^ X ^ sr gp^e^^^-^^-c•■v ^ ^ ffi ^ i> -Ert^ 
i,zx-oxmMi9mimmi,zm7^x'^^j:\>^m^jji< rr^ 

[0084] 2|s:^0g(Z)4^> ^■M*'#tf T i 

?r^r-ri.-^#l§*&SrJ^rintTR2Fei4B 

^>^x-i. . ^(^^(^m^mMmx'a - f e js^a^^^t 

i,zmth^^y\<mEimi^ti^x\^. 
[0085] mi^z^mmco^^y Kas/z-^tf t i 

-^^mmcoi^mmm^rmKLxh. ^^mii^m^ 

tLiz<t-'yfz, ^c7)fzib. ■^-kmmcoi^mmmiytjfi^z 
ffiTSitT R2 F e 14 Bmit-^mmcoi^mttm:f)^6 o % 

5|«jTi±R2 Feu BM'fC-^ffilJii't-tCa - Fet.fz 
Jz^Km^tLXL^-ofz. 

[0 086] mL<^^ti}-*h. m.^. ^jayiiii^^yh 

r:^mf<zi.'iX^i^hix^Xommi<zhfzlik. ^<nr 

^}vyrxm'>hm^\Ymm\izx o^-t^fw^L^n 

fzwm&mm-h :Lhf)m±^^\~^h <^nmrm-^\-^x\ ^ 
fz. mmtmM^t-%w.Lfz-^±mmkm^^ 
J a y:t<i;' -y h izii , mm L^^^ mm^mx 

fzii^^Xhh. 

[0 087] :L<^fz^. r^:;t^7TX±fi!<;tg(Cffitl^cL 

a^M^sf-^Ati^jiiL. ^<r>wm^^(^wm'km^-th 
^^m.\^fz'i^. ^M^B\m'Bmx:^ d ^ f e 1 4 bw^j it^- 
n muwn'mm \^<^h ■t^>mktmm^fvz v ^ s (w. 

C. Chan. et. al . " THE EFFECTS OF REFRACTORY METALS 

ON THE MAGNETIC PROPERTIES OF a -Fe/Ra Fej 4 B-TYPE 
NANOCOMPOSITES" , IEEE, Trans. Magn. No. 5. INTE 
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RMAG. 99. Kyongiu, Korea pp. 3265-3267. 1999) „ 
Bg^FegB) tO^SrCTML. N dj F e 1 4 Bffii^ j; 

[0 0 88] zixiznL. r^%m(^)^^yvwBt)-^tiT 

i -^*^y ny;j^>>-.y hm^T-ii, mwT i t J: 

0 . mj^<giaxgf « - F e fflow jjpx. h^t t^x- 
i 0 mxtzmmMm:^hw^^%h ^ t tfix% 

[0090] mM(^X olZ^ T i -g-^r-^,/=2>'*.°y'-/ N 

mfmjEm^^coimtKDmMii. n da f e 14 bs^ 

^mcDm±iti:nm Lf^^t^zx -^xmrn-th . tfz. 
m^tcomm. t i com^ iz^K). Mi^mm-^^^^z:^ 
itr^ B 'J •y^^j:^miiT=ejuyTxm^-'h^m'\twm 

[009 1] ±ait7) J; a ^zLXni^titzf^M-^^izML 

xii. 'j^-^iziit'tx . '^^ik^tmrnm^n^x^K R2Fe 
nm± 1 0 nmiy.±2 0 0 nmj;iT. mmmti^i/a 

- F e mc^yW-m^Shmmi 1 n mli[± 1 0 0 n mOTi: 

J; a t^jEiiafajsa i VB#HSrirai0-f-i. « R2 f e 

1 4 B M-fb-^^ffiiO^i^i^H^BeStiil^ son mlil± ^: 

^ ti\ ^mz J; -5 T i± 5 0 n mlilit^r ^ , WW^^ffl^ 
« - F e ffl^r i:"cD$Mttfflc7)^±^ISII*4f^{4 3 0 n miil 

rt^j:^ztti-^<. mmmiziim.nmco±^^t,zLi}- 

[ 0 0 9 2 ] T i ^^i-yayTi^iy-y hmfmm.m-^-A 
tjoft-g.«#$6^=s:R2 F e 14 Bmit-^mmco^^m^BW. 

@i±«-Feffic0^^ifea^lSJ;Oi>^#V^o 1113 fi. 

z<nMn^^co^mmm^:mm'oiz^Lx\^i>. ms^^ 

^ht^i>^olZ^ ffl>ffWfc:^^^R2Fei4BM^l:^!|% 



J: d IZR, F e 1 4 BM-fk-^if^fflOT^Sg^fe^AiJttS^e^ 

[0093] ±Mcomm:ffmi<zm^xm'imti^^^ii 
v^a*i±. R2 F e 1 4 Bm.'it-^mmti^:k^i ^i^^ 

<m-^^^i¥m-th t . m^-^^^iz^^-tiT't/i-y 

coB^iiis^aitmmximTtmtm-^Lxmiti ■ j^s^l 

[0094] :^mMmcr,mmizXtHI. T i ^maLfz 
J^-^Jt'ft. V. Cr. Mn, Nb, M o^i: OffiCOffi® 

T i ) ^mMLfz^l/Zii. mmcomcomnyvrntit 

mm^mc^)mmtim^zmm-i>c^^b^j:'ofz. 

(o<^:ibt^^. mit(r)i&\^mim<r)^fS.im\\-thALX' 

Timmzmm^m^^Lx^^hb^ti^ixh. 

T i -&-*-^y ^yd^i-'-y v-mi<^m^x'm\^h)m^ 

tOSDagtEHO -5 . B iD i t/'T i /ij^'it^S^tii'^^rV 

[0 09 5] OT. I14^#B1L^^«^>. iO.if^iO 
[0096] Il4{i:. T i i\tMLfz*M}^. T 

i \<zixtx nht£}i^m\!iLtzm-^\<ziinhm:{^mm^ 
±<Dmm:^mziin h mmm(rmY.'kmAm\z^^ 

mXh -g. , T i L fz%-^\t . « - F e t^^-fh 

^jKi 0 h^^^iMm.%mzii\^x %,^mw^<mmM.ff- 

{i . a - F e ^iWffi-t Sid ^itKW^« V ^^aSMliT# 

[0 0 9 7] t-r. Nb. Mo. w^^aDt/::*i-&^iJi 
« j; 3 ^r^SJKTMJISrff^oT^^^^Tii:. Rj F e 14 
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^a-F emmm-t^. ZCOa-F emi. T i 

#ffiB!<;fflra1i7)3SJife-^>6^ll<=&D. mm 
[0098] — T i ^i,isj[iL5t%^Si:. iijiaJMt^J; 

0 . R2 F e 14 BMite^ffi. i^Mi^tifW. « - F e 
10 0 9 91 W^Cr^maLfzm^ii. ^tli^cT^mu 

^mt^ F e ^zm^ L. Feb R3s?iewt:is^-f-i> fz 

[0100] i^O J; 3 (CT i Sr^^JgLytJ^tO^, a - 

F e mm^iti mwizmm t . ^m^^^mmmm^ 
wm^h:itt/^m^t,z^^^. wiz. Ti{i. 

tiZFe ^JJh^b (f^t- « - F e r - F e ) tfOfrffi 

b biiizmm^m^ ^-thtzub. 
^i^ioj^aiM*^ 1 o^-c/^-i osx^/fjfmsiojtis 

Wffiv^fStL-Ct. a-Fe^:;i;$<Wtii$-ii:-S.^t* 
< . R2 F e 14 BMISHiffii: r^;^7 r Xlii; 

m^<r)m.^M}%m<^fp^-i^. ni>zm&i,zmLfzx h v -y 
[0101] ■^^mm^M<%Lxmm^^^n^:ffmb 

h-f^zm^i y i ■•; > A ji^ii> it:ti(;<tSln-/t. ±t 

coffil; -^-^mxh R - F e - B ^#±^-^^o?§-^^ 

X b u >y T^-rX hffit: J; -?T ij^j^^tg^J^aiatjKK 

lslT-r^;i':7TX{i:-t^t{i:. 31^. BSrioE^%Jil 

ja \^fzi^\i . m:<^^Mzn \.x''^¥^\Ymm.^'u-yfz 

f^. 1im^<yiT^)Vy r xmcr^m. Wk^j: a - F e ffi^ 

mimm&r l . m-itcomns =t d 2 f e 1 4 b wto 

L7^)^L^*^^>. T i ^^an-r-S t . ±i*L;^cj:3t: 

« - F e fflc^ffl^'fi:;{)^'»j ^tt^^j: b'comm^mz 0 . 

[0102] ^.?^^#*iT^;l^:7 rxfflSr#<-i- 

tf#^-^j:'9i>, N d,F ei^Bm^^K^mmizh^ 



^4'tt&i»^'g.Nd2Fei4BfflO#«Jt*{i. ^#:cO# 
[0103] mz. *^ajtc*3{t§T i 

b mmm'^^comimz-:>i^x ^^i-^i-mco-mxh i, 

[0104] <m.wm.}%mm.>^mmmrc\i. mt 

li. m 5 i.zm-m:<%mm.^m^^xwm^^^mm-h . 

^m<tz)i^. r^\m:^xmmm¥x-^-mimTM^m7 
<^m:^'x^m.m^m\^h^bt^x^h. ^xn. mmim 

±PJC*R b Jrt^a^It^jE L^t-V y A 4 fz 

[0105] ia5c7)^a«. *SS;t(i^v§tt;yx»H 
o?§il^liDj;t/'lt?|rM2Sr{fi.-CV^§« Els (a) {i 

^ft^iifieia-c*)^. EI5 (b) {i. -si5<7)*£±ia-cfe 

[0 1 0 6] 05 (a) t:^stL^ idt:. mmm.! 

0 &^?flfcT?§«^I.^JS*P3 b , ieSBfcai^yX;t'5 

f^i^igpffj 3 ^t,z\m^^tz)^<'m-^w.fmmmw:&b 
^mLx\^h. mmm-^M±mm^^<^mm2 1 
^cr>\i;imim.^m^<7)v^Mzimx^^>immw 

[0107] \^mjy^)V3t^^\i^fzm^2 

[0108] :Lcr>^m.i<zii\^xii.. mm-'^i m.t/^:<% 
^ 2 i^tosfHMfc ^v^^coBti -hm&yMm izmw $ ft 

I.. ^cr)Jti!6tc. #lllM;^'"Xft*&P 1 b, 2b, iiXX/ 
8bi;;^rx#fMPl a, 2 a. i3 itA'S aisj^J^S*?)® 

tmrnmizmn^irx^-^h. miz:^^xm^n2ai±. m 
i^m2\H(^yim&i 3 0 k p a-^j± c^mm 
\H izmm^ hfzib. yy^zt^m ^tix\-^^. 
[0109] mm^sitwM^mx'h o . n- h 6 
LT^g*i2 i&i?^^§i4rt(c3isamtfo mm2 1 

[0110] s?mm^4<r,tiimyxfU5it. mmmi b 

^■.}^m2b<7imM.izmm^ti. if^^^4i^o?g-^2 1 
iT^t,ziiLmt^i^s^xj~f]^7 commizwf^-^^ . m 
'Myx;i'5co:t^jy ^ xma. mmo . 5—2. om 

myx)\^5^^ifimz<<^h:bK ^mmmmx-itm^ 
m2 i:mmmij: o i^m^BMm^zun-t^fz^^). m 
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[0111] i^mu-;\^7ii. mmmm(7:>f^.t-^^A i ^ 
^ t mit L\\ C u e wi-cDm^Ti^rnxj—^i-^ 

m-tL<^j:K\ J^an-yl-TcoiSgtiMitf 3 0 0-5 

[0 1 12] ll5t:^-r^gt:J;^xK\ Mx.«f-^ltl 0 
k gcOMfif-^^^ 10-2 0 j^rMTMi^mm^-^^ C i: 

§ : 1 0 — 3 0 Oxim. lf@ : 2 mm— 3 mm cT)-^^^^ 

(•^A'Jjf'y) 2 2^:^S„ 

[0 1 13] i£Di:#. -^^m^CDm^t^eOjumiiLt 

3ooumiiiTt^^j:diz§mL. mz. smizmt 
X. mmmz];:'yxM.i^mm^^i'^^Bm^^fzm. i 
(n-'ik^irfm-t^ ^b^zx-^x. mmiT^mzM lx 

0 . 3 liLh 1 . 0 OTcofi^^ 7 0 mm%\^j.±-^^ . s 

'itfigTjfis 3^mOToi4^^ 1 omm%a±-kt£m 

fiL. ^tiimw^^ztizx-ox. mti£. m^^co 

{Ji:^i:'fcoV■^T. TX'^^ Mrb&O. 3ljt±l. 

Tt-t^^tii^m^xh^.-: ^mmmmi^zmf:^ 

mm±. J I S8 8 0 lcompa.^UtJ;-5T:«-SiJ$n 

[0114] <mi^.i%m>t^. mm(7)mfmx'mm 

if*i^ti4(cifi.^, mz. zcrxMm2 liiiamyxji- 

5t^^ Mffi A r mWM^cr)7i<.i^u-Jl 7 ±t ffi'^ ^tt, 

}%mmifmti-xi±. ^smmirsmmizmmx'^ ^:fj 

[0115] ^iiiftm^o^^. ?§^2 1 c^i^mmmiz 
mLx. i^mmm^ i x i o^-i x i o^-cx^^t-ri 

Ztm'ftLK. 1 X 1 0* — 1 X 1 06°C/'gfi:-r-S.i 

tifimziii-tUK 

[0116] -^^cr,mm2 1 ^}^i^mn~}U7 t,z}:'yXi^ 

±ifimmLx:b-^m.tittX(7^mmi,zm'^L. ^(T^m 

5g}^a]«®,«0-^{i:}^4|In-;k7*-^M^i. ^vStt 

ssiM4'^i^fl^^ . ■^Mmw^.xmn lx \.^^m^z 
mmm.:^'xi,zm^mhrL.i,'^Wc. ^coi^mimzi&r-t 
■i> o ^mmmrnxu. mm%^'x<7^B^ sr 3 o k p a— 



ii, a - F e >f)ill5feWttif m • 

[0117] ^^mtmrnxit. n—jummmmi 1 om 
/#i;i±3 0m/#OTi^KHi*ifcpiffL. j&^o. mm 

m<f!x \,zXh Z^<mM% S fd^b\,zmm%iix'S. 

:t3 S 3 0 k P alil±tt--^ i t J; o T , Ti^teeTe® 
8 0 n mlilT<50|^*ffl^ R2 F e 1 4 BMit ^^iflilffl Sr 6 0 #: 

[0 118] 2f5:^qf!040Km5tCfflV>-&T 
\^-yYmzmhft-f . yxVi^^^U 7 
[0119] ±IE^>?^-6Si^ftiT-fc . X b y .y r^-rX b 

&c7)^^iliaS{iJ:l:«ee^ffi< . 10 2-1 0^'CXM^X'h 
So ^^J^^-Cfi:. SW^tMOT i ^r^lzmu-t^ 

; 1 1 j; D . X h y .y r^^x h&tc J; ^Ji-^-c-t f e 

^tfAX^i.. X h U .y r^^X Xg»ffl;6iffi 

y^mizbt^^x±mi')M<%^±iffm~ti,m-i>ic-^mx- 
h'o. m&^zmLfzi^mx-hi>. wm^mzmlx itm 

Mn, Mo. Ta. t3 XV^ytifzUW^maLfz^-^I^Z 

li. X )- U yT^^'X ba^^fflv^rm^^^A^ffMLT 

i) , f e ^n9^B&^< -^tf^awT&i^t- 1. mm 
[0 12 0] tfz. ^;Whxbrri^i^^xbu-yr=3f 

-^-X ba^(ci3l->Tn-;PSHJf|^^Sr|lllfi-r ■§> ^ t izj: 
-oX. ^^c?Ma:mm-t^^t¥X^h. o-/lx:SH 

0 0// mlSlTcO^H^O-^^SrffM-r-S. i: . d O-^ti . 

X'yxm^(D:ffmzmmL'^'t^-^. ^^oism. 

-r^i^ib. -Mcoyfrnza^-ox^tzKi^i/fzi^^ 

mTtim(:>tLh<nxim< . mm'^^^m-m. •t^j:h-hm 

[0121] zfiiizMLx. V3~fvmmmmmim< l 

x^^(^m^i eojumj: K)m< t . m.mcr)^,<%m 
5<5oj:3t. ■^■^cr)-^mMm)^u—)vmMmi:zmmTj::n 
mzmdmm^h^. ^<^fz>i^. ^^-:Hmzi'^'yxwm 
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[ 0 1 2 2 ] me ( a ) *^JfiJ^SIt: i ■Sl^S*^* 

izi3if?>-^^m^ i2t. mj:mm<^m^^ 13^ 

[ 0 1 2 3 ] me ( a ) iz^^fih J; 3 (c. ^HSm^, 

5fiiTt^-r<. ^#W^rf/j^**4^ 1 1 

V\ ;n.t>f^L. 06 (b) 

[0124]<r£Dj;atc. n-;P^HJllMSS: 2 m/# 
2 0 m/^\ jff 1 1 < (± 8 m/l!!f>?)> ^> 1 5 m/MfCTi 

mcr>mm\,zWm'th^ht<Zi:'^X. rx^^htwo. 

Zbti-X'^^. 

[0125] <mMm>^miimmxi±. miam?^-^^ 
(7^mMmi:r^u^'ym-M%^xm^j-ti> . titLKn. 

M-MM^i 0 . 0 8'C/#~ 2 0 'CXfP tLX. 5 50 
"Clik^a 5 0°Cl2JlTcO?flJK'C3 0W&.±2 O-^l^TFcom 

X. T^jyy r xmfpizm^&tQc^ymm^Bmfriii ■ m. 
mmizxm^. m^<7)mfthm}^X'mzwm^xN d^F 

e 1 4 B mmihm-^^^itcr> 6 0 *W%1:-U±#i£ IX ^^^fz 
46. « - F effi^='ftilO*Sa^HffliOffi.^'fb*^WSlJ$iX. N d 

2 F e 1 4 Bm^^ihm&^\-(7y^mfm (mM'\m ) ti'^i^- 
t,zwLm^t$ti^. 

[ 0 1 2 6 ] . mmim^m:b^ 550 r ^thi-s t , 

tfz. msmWimti^a 5 o°c^mtht . ^mfmc^n 
nmm^^itt^. ^<r)fzi^. mMm&mns 5 o-ca 

cOlSHti: 5 7 0 T:iy.± 8 2 0 °C1-:JITT'^ ^ » 

[0127] ^^mmmmxii. mw^^^'Mzx^^m^ 

MiMcOtzHb^ ll<^-^^4itC^^]^^*iON dj F e 14 B 
M<%i^-MzM Lxmixmih-itmrnm^ tT^ri?^:*. 



^tit:n^j:d^ttmmm^\^±<DfzMzimt u\ 
. mmzym ixm^ yi^mcommxi^^j^izmM, 

[0128] mmmmMii. -^^c^m-itirm^t^fz 

isb. ^iS^yffxmm^timt Lv^» 0 . 1 k P aUlTO 

[ 0 1 2 9 ] ^rii, mm^Mzmm^mtu^^ t . m,m 
w^-^Mzm-tm^^i^mm%-fX' 
[0130] mmmcom^^±^^z\t^ R2 f e 14 b 

m.it-^'>mi6klfT^)VyrxmVimz. FesBffi, 
F e 2 3 Bg . i5 j; UR^ F e 2 3 B3 ffi^c7)Jp^^3{,i-^t 

MJlti-DT. R2Fe23B3ffl{i?B^L. R2Fei4B 

^^^wmmim mufv e 23 Be ) ^« - F e 

^B^Wc^^hZh-^fiX^^.. 

[0131] :^9tmc^^^yYmE\>z-^tfihTi^^i- 

LT V t. , T i oSbSt J: T ^OS)^ 

[0132] mmmznn^K^ f e 14 bm^l^w 

0^i^|g||,afS±, m^lKSSBlffSflT-^)^ 3 0 0 nmiil 
T t ^j:^&mt^h 0 . 1 0 n mJil± 2 0 0 n ml^JlTs S 

2 0 n mliLh 1 5 0 n mVXfXh h:ihi}mt.L 
< , 2 0 n mlJLh 1 0 0 n ml:lTXh h^Lh tsmiZ^t. 
L V> . Z.mzn\-,. iS^WM^ a - F e ffiO^i^^B^sS 

1 0 0 n m I. h , ^ffijaScffiPaltCii) < ^fflS 

0 . wmmm.<rimm.ifim\t^h tz^. ( b 

n mJilTT *) !> i L < . 3 0 n mliiTT'ab ^ i 

[ 0 1 3 3 ] mmwmzmA^^^<mm^m.<m 
m^i-z\WiWm\^xii\-xi:ji.\-^. mm%:. t#^>nf^ 

[0134] <mmM<mm>^wm^±m3k^^y 

Ym^\,Z\t . m.-KW&f 5 00 u mOT, 3 0 0 ;j 

m\>xvcrM±W:^M7iM-^wmz'm-^ht\,h o 

{±Mfig^fcfflV^.g.«-^ 5 0 // m:^(-ji, 2 0 0 // mCCi^SI 
t< , 1 0 0/xm:^)*4> 1 5 0//m(7)li 

[0135] aiJcOT>^^i? hjrbii, #±?P,m^>Hil 
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t\ 0. SlJLhl. Ol^lTTh^ ^ttmtL\>^. 

%lD.±:b^T httO . 3 mil. omT^^-r-SCh 
>??>WS L< . TX^I? hit-A^O . 3lil± 1 . OOTiOT 

i -^W^ -/ 'J -y b ^70 «M%iil±'irtf 

0. 3*}«c/)^^*S-?i:M^tTfflV^i,^i:tT'#.&» 

[0 13 6] ±3*^0j;d^:TX^:;' hJt§r^-r^T 
a y^^i/ hjaSsK^Ji. i^Jx.{f 1217 tc^f J; ^ ^rt° 

3 0 0 ximmTt7)^^»^^;gj^#-ri. ^ i: t= i -?Tf^ 

>^)^lB5'tJSix/'CT'fXi5' (Rffi) 4 2ai3i;t/;'4 2bSr2 

4 2b >{)*SM-C[IIte-r ^ o la 7 (JDMTii . nag4 2 a *i 
W4 3 fOjll ^) SrHlte-t-S „ [l]SS-t-SfSJtOR^4 2 atOIE 
MEISrElSt^iJ^-f-, H80HS4 2 a±T1±. ^^-4 1 

■rv^^Rag4 2b-Ci.. ^^4 1{4|5IC^R^*S< J;-5Jc 

[0137] t-VT^'^-Xi? S;Kcj;oT5K>i?;$ix^^^ 

yA 1 *3j;t^W±tTV'i|.Rifi4 2 b±i7;)b> 4 1 

[0138] 3|s:||Jgfl3^,<7) t° y 5 )VmW.A 0 (-i^V -^T , 
b°>'4 1 Sr^it-r-^R^4 2 aii j;t/'4 2 b{4X-f >V 
Xii^^-:6>^>fflJ)j!t§tLTV^-& b°>'4 l{±M*il. b 
^5>y^Xt>J;t/;S'yi?'-XT-:x;iif-VN'-f h' (WC) MS 

hLXli.'NCimWli^Hzh. TiC, MoC. Nb 

ZtL^<7)mm.-^-^lt. IVa. Va. i3j;t/VIa]Kt 

M-r-l>#JRi^M{t,f^Sj*Sr F e . Co, N i , Mo. C 
Pb. i>L<{4Sni/c{4^^X^>cO-^^&ffll^T*S 

[0139] muf . ±.m\^yz)vmw.^mv^x^mt 



[0140] iEn-^^^m^^fm-t^iif. rx^^' 
hitit 1 . 0 izm-^K mmiizh^ . rx^i^ hitti- 1 . 

OtC3fiV^tcO{5i:'^iXttS:3j#-t^StlS>6^«< , TX^^ 
^ birt^^O . 4iil±l . oaTx$)h^tmitL<. 
0. smil. 0\:XfXh^Ztti^^(^lztftL<. 
0. eJjUil. 0mT-C35)-g.^fc;&ifti>lffSLV\ 

[0141] :^mmmmTimizm'^^hfih b>'S;^s 
\,zw^^fvt. mm. vm}L{z\^ymm^fd-zmm. 

[0142] mmmm.m ^mmnf^v ^ma^z 

Q{4 B j; t^C I, p;^)^ tM\K^jxfzimX'h 
-3 T B Sr A^^r f^-r^O < i: 1 a«7C« , R{i L a 
ia iVC e ^^Mfl^tc-irt^rc^ l mX±<rim±Wm. 

AJRTCfRTfc-o-C, T i &ig^-r-&tj'^-^-< 1 1 latO^ 

0<x£20il^%. 6<y<10S^%. 0. ISz 

[0143] Q{±, ^O^S;^iB («) ti^i^mfS.^tl 

m^tlh. Qc7)^»fcM-rSCOJ!Em^ff|-^{40. 2 

5 tITT-fc § ^ .1; :^)>iT * 1 ^ „ 
[0144] QcOffljjScib^x^i 1 OK^%J.:J,Tt*-g> 

isJtlSWffiv^*^. R2Fei4BMK^ffii;r^;^:7r 

D , ^c^fl:(-ii3?5I12rM UT t 7 0 0 k A/m^ific^^H 

T r b J:b?&^' 0 . 3 1 . 0 x^^-:>mtitzmMm^ 

i:^^hmmiim^h^t:i)mmiz^xh. ^^i,z. m. 
#mi%mco^x'i,j:mmmti-imn'3^^^x h u -yr^-v 

TtS 3^ ttC^-l>, -^r, Qi7)fflfi!cJ:t*x*i2 0J!I^ 
fflfi!lfct*x{±i OiI^%^li;c. 2 0iS^%JilT^;^:S 
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X cr>m.mi± 1 0 m^9m±. i ? u^xi^jr-c-h -s. . $ ^> 

Z t t^m^^^^ hii^h. xcDlSll^ 1 0 J!g^%lil± 1 4 

x=g2 OJS^%«0^:^tci±. 3. 0<z<12M^%Sr 

[0 14 5] R{±, #±»7U* (Y^-^t^) tO^>6-^j^ 
IR^a^t 1 «Jjt±<^7E«T^5 ^ » L a S ;^i±C e >?)^#ffi 

iOLa^Ce (0. 5 iS^%l;iT ) :*^"^^jSe^t?ftA 

t>t:6^"-5T. 0. 5iS^%lilT<7)La^Ce^#^ 

[0 14 6] R{i, J; 0*#:«lt:{i. P r tfcJiN dS: 
ig^TC^i; LT#tJ <! i: J&^'^f L < . ^<n'S^mjm<n— 
g|5^DyfcJ;t/'/4/::(i:TbT-B^LTt J:i\ R^^ffl 

fiiitb* y t^^^co 6 -I. i; , wm^<^m^ 

^tWai-lir^. 7 0 0 k A/mli[±CO^Jl^jH,j^#|, 

<t£h,mz^ #±a7C*RcOfflfi!U:t^yii:6M^%l;i 
±1 0K^%*?i<7)^H, M;t{f. 6M^%IiLh9. 5 

»4Lv>Rc0KH(±8M^%l'Xh9. OiI^%lilTT* 

■So 

[0147] -^Sll^K7cilM«, T i ^ LtiJ 
•9 . Z r i3 J; t/>'i 7t (i H f ^-§rAT-V ^ I \ 

llftiK«0:ftff^ttiOH5«tS^L. ft^x^s;i^^f-W (B 

H) ,,,^|ii]±S-li:§. 

[0148] ^K7t:*M£7)|I)j!ci;l:* z if^Vi^cn 0 . 5 iS 

0 . 5 JI^ %Jil± 1 2 % J3lTc7)ig|l| b^h^t mi 
t.L\>\ J; Oifi Li-^zOlEHOTPmi . 0iS^%-C 

[0 14 9] 4fc, Q60ffifi)(;Jt*x;6iftV^{5^\ Q m 



:^JR7t;*MOffl)S;J:t^z ^«<-t-S ^ 4 Lv\ .1 

{±. z/xSO. l^?i£§-»Jrl.J;afcffl^J:b*^PSi! 
^•5itj?)WiL<. z/x^o. 1 5^)||JS.S-li:.Si 
Off* Lv^. 

[0150] =5riD, T i \±mzM± Lv^iij^ 
m^mzn^hT i ofij-^ (lE^it*) 7 o%m± 

■C* I) i ^: L < . 9 0 %ii).±X'h ^^t tmizM 
[0151] F e{i. ±ai<7)7Clg<7)-#-*a^^t5i6i. 

^hifix'^h. F e i,zn^:h TcommM-if 5 0 % ( -r^ 

m*«0. 5) Sr^xSi:, 0. 7 T&,±.<nm^-m 
iil±5 0%lilT (-r^i5*>. OSmSO. 5)(7Mmi,Z 

mi±o. 5%mi4 o%fiiT-c*i.o ti^. Ai. s 

i, Cu. Ga. Ag, Ft, Au, Pb. V, Cr. 
Mn. Nb. Mo, W$r^^'^M^^T■■^.^T t^M^ttSr^^^ 

[0152] [«f^^<7)Hit^t'l±] :^mmcD^±mM^:y 
Ym?Bizm^^^tihT i ^^-i-yayt^iy-y vmBc^M 

[0 1 5 3] ^iT-ii. Ti^^i-yay^iti^^yhmB 

Vi^MQP-Bfcj;£A'MQP-0 (MtLi^MMi^^t^S 

0 0//niJilT) tibtrnt^. ^ri^, Ti-^^i-yay 

[0154] t-r. 'im-t^mmm 1 1 mmco:ffmTi'p 

mLfzM.<^^^^ (Nd : 9M^%, B : 1 T 

1 : 3mT%. Co : 2j[S^%, SSPFeO-^^. T% 
iP§ : 7 0//m. ^mm&a : 1 3 um) Sr8 5 0//m 

iTfizm^Lfzm, M^m5 0 Omm^im^^^-t^ 
7-r^;I^hrSrfflVK Ar?I^T, ^/t^hoMDajSl 
0 0 mmX^iZX 6 8 0"CtCffi» L/t^FF^^I?)?!^^ 2 0 

g/^«offi*&3S^T^A-r'i. ^ t izx -oxmrnm^m 

L. mf^^mtc. m^tifzmm±mLfz\i'y'f-ix^ 

5;PSrfflV^Tr^^i? hitz&^'O. 4tJLhl. OOTtOiJ 

Lfzi>(7)t: Ti is'^-r y a >-^y >y bM^cosS^N C P 

-0^;L:t» 

[ 0 1 5 5 ] ^ 1 tc. ^ti^'ti<7)mmi:m^ coim. ( 2 
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3°C. 3 0 0rt3j;tJf3 5 0r) T-^Mttitl^^ifeM 

tt, ^^fpx-s 0 o°ciD j; v'3 5 or-c-^tim 1 m 
mmwLfzmzm^Ltii^^-^^x^Lx^-^^ . 

[0 156] mil/Z^Lfz^'jI^z^ MQP-Bii:. 

fft; 3 0 0 °CT- 1 mrsmm^ h t mm-^^m"^ 0.6? 
«»%4'eiMJDL, 3 5 o°c-c-iB*pBmK-r-s.h. 1. 

9 3®*%S-CiiJllL3t, MQP-0{4. 3 0 0°C-C1 

mmtkmi-^ t mm-^^mii^ 0.24 «m% t xmm 

L. 3 5 0'CXl^mmM-t^t. 0. 5 9««%ST- 

[0 15 7] itLtljt^t, T hSI 

r;j^NCP-0(i. ±^^t,Z3 0 Orf lBtPBlS^tTt 
K*#*«{40 . 1 OWMXtX-L^-mM-^^. 3 5 0 
°C-ClB#^i!tSL5t^cOig«-^**{±, 0. 2 0«»% 
t XT$> K) . mM<7)M.i^WEmMzkm t TiiK^Lttlc 

mvx\'-^^zti>^^ti^^. 

[0 15 8] tfz. ^ti^'ti(7}mMi(^mmmm.mMmi 
m^ni:m^^xm^Lfzm^t:m9^z7ik^. ^xn. tm 

*^^>^^*^-?> j; 3 . T i -g-w-^y y:if^>''y hmmN c 

[ 0 1 5 9 ] IS 1 t0^fl«'|ttov^-c;^l. i: . M 

QP-B{i, mmmcM&Ti>^L<. mtif (BH) 

m a xJi. 3 0 0 "CX 1 ^raScB-r^l. ^: 2 3°CT- 1 B#P^ 

JfeMt--l> i:*tJ 3 0%^T-ffiTt MQP-OO 
( B H ) m a x«i:, 3 5 O'CX 1 B#PBmat--l> ^: 2 3°C 
T- 1 K^PhIJ^B Lfz h (7)Cr)m 8 0 X^M^Z i T-ffiT L/t , 
^K\>znL. Ti-#*i-yrjy;Ki^"-y bm'NCP-0 
{4. 3 5 Or-Cl H#P^S5:MtTt. -riT) (BH) max 
{±2 3 "CX 1 '^mWM. htzh <Dcom 9 0%t.X LMST 

[0 16 0] T i-t-^-^yrjyd^v'^y hSS 

it) \,zi5\^xmmtimit^ti\,z<^^^ ^-iX. mm(nm 
it^mmt^ fzi^ tzmmcoM^WGmM ( # tcM q p - 
B ) X'^^mx^-ytzmvjicommmmifsmititzii'^^ 

*^t{±. m^<^m\mm\-thfzMz. m^t^itA 

fz^K T i y a y ;if y V b m^Sr fflV d i; J; 

isMfpxmmmitt^^t:b^mt^^. -t^h 

•h. T i^^i-yayitc-j-y hmmi:m^^^ztlzJ:'o 

X. 4^>FM5cD»jtx^^ffiB&fLt. ^xhmm-t 

itmmi^'yfz<7)X\ Mi.ii'2 5 0°C~3 0 O'CU^co 



miiimmc^>!ny ]^m^uimm^^ t ffm Lt^-ytz 
t)K T i-t-^-^y3>'*,°y-y hmm^m^^^^t\,zii-o 
X. wttij^ff^tci o-c#Ms^ii. vmE^nh Z t 

mcr,mti.tzmm-imc'm)^.i+»izn:i>fzbb{z^ soo 
'cmi3 5 o-mrco'Mmx'immim'pizmmLfzm 

oK«-er^^*^" 0.24 >; J; 3 tcM^ib 

0 . 2 «»%mT h ^- s =fc 3 izmm^tLfzm 

r^^j^j^-^m(7):nypm?E^zi^ib(:>fihm%m^^ 
^m-t^ t . ztii^co^^y ]^m?6m^ y^-^ y k WBa 
i>zm\^t^h.hTm<mmm^h t-cw. mkmts:^ 

T\ Bj,SO. 7T, (BH) maxfeSOk J/mS. 

H,j^6 0 OkA/m^}||^^Sifc?!)Wi Ll^, ±ji 

[0161] 



[|61 ] 













O2 






CkJ/m^) 


CO 


(kA/m) 


(%) 


NCP-O 


23 


10^0 


0.802 


1009.7 


0.02 




300 


1Q3.1 


0.790 


989.3 


0.10 




350 


96.1 


0.774 


1006.8 


O.zO 


MQP-B 


23 


12?0 


0899 


73?.6 


0.u4 




300 


/9.3 


0.762 


6B3.B 


0.67 




350 


38.2 


0.546 


635.8 


1.93 


MQP-O 


23 


113.0 


0.818 


1007.6 


0.04 




:<00 




0.802 


999.0 


0.24 




:i50 


88.5 


0.744 


97/4 


ai>9 



[0162] *;^BJ<?)rP> K^5fcfflV-s^iX.g,T i 

fzisb , ^<rm%mmz^wm'&.m--^ v ^ t v ^ a m ^ 

ftt^l^^Ot^ljDX.. R2F e 14 BfflSrffXOHItJ i 3 t^/h 

[0163] ^^(7)^^^r^l5«^5l5^4Jt^sw^»^^«IH« 

mUt. MQP-B {mMt^3 0Ciu.m\::Xr) x\t. 
m. 2 \,Zm^ J; d . m^i)^ 15 JUL mOT, 5 3 m 

m.B^i<z-y\,-^X^^}i. »i>ftV>feSr^LTt^S 12 5 
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, (0. 9 0T)tMLT, 5 3 mKTiOi»*5f4^ c7) 

m^m^mmB, ( o . ? 9 t ) 9 o -r-ffi 

TL-rt^l>„ t/t, (BH) max^Z'O^^XM.ht. 5 
3 // mOT«Oi^*frl-?<0^%<^ (BH) max (38/x 
mlilT i:38//mS53// mOTiOfittOip.M¥% ) «i 8 
5. 5 k J/mS-r-fcO. 1 5 0//mS2 1 2j«mJilT 
COa5fe&-f-(5DT%c7) ( B H ) m a X ( 1 5 0 //m® 1 8 
0//miy,Tfc 1 8 O/xm02 1 2 mmTOfflCD^*^^ 
%) T-S^^ 114. 6 k J/m3i7)7 5%*}tl:ifffi 

[0 164] itLtCjlf^L, T i-^*-^yr3y;Ki^"/ hM 

NCP-O (MMiUS 0 0 jumilkT) Tii. msiz^ 

fttftV»filSr^LTV-i|> 1 0 6/xm)til 2 5//miy.T«0 
fe'*i&^OaSK^^JK B, ( 0 . 8 4 5 T ) t^L 
5 3/>tmJJtTc7)«^5f^^c7)a®SI^^«B, (*«7 
0. 8 2 9T) {i:9 8%lil±fOfflSr*LTV^^« ^fc. 
( B H ) max iZ^Di-^X . 53// mjy.TOi|5]^*^T 
^%<7) (BH)max{il04. 6kJ Xm^ Th D , 
1 5 0 //mS2 1 2//miaT<7)^5l^u^<7)^%iO ( B 
H) maxT^-S 1 0 6. 6 k J/m3 09 8%Ii[±CO 

fi£fc':)V'»T-^ya>'rKi/-y h ^^tfO 5 3 mmT«0«^* 

(BH) maxJi, 1 50xim^2 1 2x< 
mtlTtOfi^5f^¥4^(^¥%« ( B H ) m a x09 0%a± 

J I S880 lJ|feftlc7)M2*^-&V^^Mv^Ttfofc. 
[0 16 5] 
im2] 









Br 


(iim) 


(kJ/m') 


(kA/rn> 


(D 




83.7 


744 


0.79 




87.2 


/52 


0.79 


5313^75 


94.2 


739 


0.82 




108.3 


748 


0.84 




111.5 


754 


0.86 


125^-150 


116.8 


741 


0.90 


150la'^'180 


115.7 


750 


0.80 


180^—212 


113.4 


763 


0.85 




110.1 


755 


0.87 




112.9 


752 


0.88 



[0 16 6] 
[^3] 





NCP-O 


( W m) 




/clLJ^ 
IkJ/m J 




Br 




9.36 


104.5 


854.66 


0.830 




D.OO 


1 Ul. r / 








12.34 


107.16 


853.39 


0.831 


75S-106 


19.76 


110.S7 


859.7a 


0.837 




12.513 


112.84 


866.12 


0.845 


125ffl~15D 


15.?4 


111.63 


S64.21 


0.843 


150®- 180 


9.42 


105.64 


S96.30 


0.8i^0 


1&Gfi'<'212 


8.89 


107,61 


S49.41 


0.831 


212&'^2S0 


4.27 


99.67 


851.16 


0.814 


250ffl 


1.6S 


83.44 


844.64 


0.800 



[0 16 7] zco^dlz^ T a yna^-yhm 

-t^^y^'<'yy\^^n^zt:b^x^^.. ^m. t^yi^m 
^mmMii: T i -ir*-^ y ^ >->-Ki^' -y b mMi(o^x-mm l 

3 ju mli),rcr,mm&.'^ i^^i-yayTitiy^yhmm 

i,zm^mti>^ti,zxr>xhiz^ h^t ii^x 

[0 168]mTt. 5 3/xmOT*3J;t/3 8//mmT 

[0169] mA{z^-t^dtcn^<^%<Lm.-^mi: 

-^•th-^y-^iy^-J-y h?im<OM*JfNCP- ly?)-A>NC 

p - 5 ^wm Lfz . N c p - 1 cmmi ,0.5 

m m to X y U - >' ^ m I' ■> T ^ - 5 1?) 5$-^ i i; 
tioTDllML. ft!l<75NCP-2— NCP- 5coai^ 

3000 rpm, 4000 rpm. 5000 rp miii. 
X/QOOQ r^>mfti>Zh\,zX-oXmm:Ltl. 

N C P - 1 /i, N C P - 5 ^ ^ -y r X >-<f 
fflV^T^-yr®«^a!I^L/iiS»^^5t:SK-r, a5t= 

[0170] m3<7)mm^(^t>-h^^i:d tc, mMfi3 s 
JU miiiTos^ ^ 1 0 ms.%i?x±. {mm^zi±9. 5 mm 

%mi) -^OM«NCP-3-NCP-5{i:. ^'yTW 
. 3 g/c m^tJLLfc ft< . JlS^tfO^trnttiSiSiX 

Tt^s ; , mmcois^ -y Tm&Tmm^ntm 

mcny^mmt. :ny }^mEm(7)ziy^-^^yv(/)m:M(7)^ 
m^twMLxisK). ^m^o^-m^mmm^^xmm^ 

mm/)^ 5 3ju mmTcDi-y a y^ -yhmm^lO MA 
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[0171] 



[1^4] 



(Wm) 




NGP-1 


NCP-2 


NCP-3 


NCP^4 


NCP-5 


3BI51T 


2.3/ 


2.05 


4.86 


B.BB 


17.99 




1.91 


?.54 


4.64 


7.42 


20.90 




4.90 


5.17 


11.B0 


16,36 


26.92 


75S--106 


1t.57 


13.B7 


23 08 


26.30 


23.60 


106^-^125 


7.30 


11.11 


13.49 


12.56 


t>,59 




12.29 


14w10 


16.26 


13.40 


3.37 


150ffl~180 


13.47 


17.53 


ia67 


7.90 


1.15 




17.37 


17.64 


9.08 


4.09 


0.37 


21?S— 250 


16.84 


8.80 


3.49 


1.76 


0.09 




9.26 


4.34 


1.56 


0.77 


0.03 




2.72 


2.87 


1.03 


O.50 


0.00 



[0 17 2] 

[m5] 









(g/cm^ 


53lf miy,T 


250 UmB. 




NCP-1 


4.30 


12.00 


4,01 


NOT-2 


4.59 


7^1 


4.12 


NCP-3 


9.50 


2.59 


4.2S 


NCP-4 


15.30 


1.27 


4.2u 


NCP-5 


36.90 


0.00 


4.33 



[0 17 3] !S,mmm^\^±'thtzisbi,zi,i^ m. 



^&NCP- 1 l:^)>ii>NCP- 1 6^|l|ffit. ^tL^"tt2 
9 8 0MPa ( 1 OtZ-cmO Tffi!ffi^-rS ^ i: 

i -5 T ^> vm^mm^ntz , ^K^-KcDir^y vm^ 
^mw-coms.^ , ^ti-^ticoayjt^ y F i^zm^^^tzm^ 

1 OtC^f o 

[0 174] 
[|66] 



Ciim) 


N( 


3P 


-11 


-12 


13 


-14 


-15 


-10 


38^7 


2.1 


4.9 


9.4 


11.6 


15.0 


18.0 




2.5 . 


4.6 


6.8 


11.0 


23.2 


20.9 


53M-'75 


5.2 


11.8 


17.3 


14,4 


26.0 


26.9 




13.9 


23.1 


19.S 


20.3 


22.4 


23.6 


108^—125 


11.1 


13.5 


1?.2 




6.1 


5.3 




14.1 


16.3 


15.2 


1Q.4 


2.9 


3.4 


150^—180 


17.5 


10.7 


9.4 


9.0 


2.2 


^.9 


iaoj^~2i2 


17.6 


9.1 


8.9 


6.9 


1.7 


0.4 


212ite^250 


0.8 


3.S 


4.3 


2.1 


as 


0.1 




4.3 


1.6 


1.7 


0.8 


ai 


Oi) 


300B 


2.9 


1.0 


0.0 


0.1 


ao 





[Oil S'imiOt^ht>f*hiio\iZ^ 3&M.ml:XY<^ 
hfzib\,z{i^ ^4fl^^3 8/zmOT(7J«&*&^&*1;8Wi 

^mm^m'^^^t. mm^^&Tt. m^^mmi^^i> 
[0176] ^fc. wmMWi<^'=^yf^-^yY\z-r>\-^ 

^Wtii LfS.m^t'comcommcoa yj^^y\<l,z':>\,^x 
[0177] Cay^-syyyy^ax r/mPEi^coWmifmco 

mm) ±Mc^)T i ^^-ryayTiti^-y hmfj^^^ti^ny 



[0178] mtammcoay^-^yyyv^l^^ 

mm ( mx.i£=^—r^wiii tm ) ^:m\^xmmtm^m 
mm^^t^Mm-t^z ti^zx-^xmm^tih . ttz. a 
mmmmcoayj^^yf^it^ mix-m^Ltimm^mm 

mtmmt i:M^L. imm^^^^ i t iz^->xmm 

X. mmcofmt^j:^xoizmm$it^. mnco^f^^ 
t'^mmt^ztiz^-ox. m^ttLxh^^\ s 
fz. mmzx-yxmi-^titzm^m^immLx h 
[0179] mmcDm:k'mm±.^6fzMz^ mmcom 
miz^i^a^mco^^mcommmm^m Lxi:>^^\ 
s ^> , m¥^c^m:k\t^mm t comtiit. 3 y^ -^^ y k 
cr>mm^^i^i,zim-thfzisbiz^ i^^y^^ ^9^^- 
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[0180] m^m^y^'^^y'i'im^com^m'cm 

^-fn>-6. ■j--^rtyi 2m) *.°U 

xmmtmLt-'^fz 1 8 o°cJ.:Jl±ol^:'fbS^*t-■&-^- 
-f n y e y 3^-Vy^)Vy r h' i:'<7)©Bfi *® 

[0181] ^i^t^, Ti^^-^yrjyr^-i/.y 
fflv i i: J; o T . »l±^iIWjtt^eSi»-r-l. .1 i: 

^^cox\ m)^Mi,mit}^M< m.mmmT^^j:-f)-^-^ 

K?S50#tt (if»'l4^i:') 

iy-c. mmimmm^m^^^t^-^iz^i^x 

[0182] Rgff^^rai; LTfi, J±ffi)£«J. SMf^m. 

\m°/o^m~-h) ^w^mmthzhifix-^ ^ 
9 0 wm%mm.^ x^mth i; /j^-c-* fa l , 

mmifwmz\^m\^xwm<nm'^m:m^hm(mmti- 

rj v.-^y -7 ^tjm^^ffl I. ^-Ii i 1 1= i 

# L-fz^ -)%'mzi. hm^cnm-^^fm\x% hh\^oM 
mf^t^fx^h^ ±fz. %t^fLfz^syYn^mmt'jm 



[0183] C KSSSoa^-^ # *^0Hod<> 

YmB^m-^^mwo^mm^zm^^f^h^-^ ^wmy t 
mt£ K<r)^m^ o % wm^wm-t h^t t^x # h . 

[0 184] l:Si6-5&Wlii:LT{±. Ni. Cu. C 

Zn, Sn, Pb, Au, Ag, Ft, Pd, C 

^tiK TT^y Ym^dzmi^^K^^m. nxh^H-oll^^ 
Cu. Cr. Zn. S nt3j;tA'-e^l^>Sr#tf 

[0185] :*:%0e<5D4i> Ym^iimEmMi^c^mM^ 
tm^x \^hfz>^. w.m(r>mmtm^<^Tny vm;^<nw. 

M J; D ff < r i> mm^^m-kmmhfx.^ « h d d bii^e 

M-fkoSfij&sfc D . t rj X h if^ycnm.^.-b-^ h.isb-o 
3 0//m?5?iM4ti\ t.fz. ^%m<^-¥^y\m^i'^~ 

[0186] tfz. ^-.^%w.m^><ziimm'&.cn>\^±fx 
i;\ m^<7^Bm^mfz-tfzisb^z^yuy (^mmm) ^ 
K^k^ ^ yt£ }f:<mmm.'^'k'm 

[0187] ffM-t-|>«ffiii:mJiT-t i t . #«-C-i> 
[0188] *56Bflfc J; Ka50»^:^j£fcfe{t 

^ nm^ % wm ^w^m-hfzyba:>}sb'r,%0kmtm^<r> 
'&'&^h^±mrym^mmm'}'-t£\-^fz^ . vmmms ^ 

§?SOpHi±3~l 3. MS L<{±5~1 2*iaiL 
[0 189] *6'>§Mc7)pH:^i3 J; Dffi>.^i;luaiL:^c# 

[0190] t-fz. i^-^%m.mmmfcn>m'^§.\i. m^-^h 
i^'^^'i^mmzk'^xm'sm.M^tL^tK jisi±5°c 

[0191] i6'3S'M4't:ilS*-<:ti^*i"iifJt:# 

oi^«-f ^ ymm± 3 0 g/ L jiiTtcfpi. I. i ^ tim± 
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[0 19 2] ttz. Cu^-o^^-y, M-5:A«<7)i6-5§ 

[0 19 3] im-thitj-o^m&t ixii. m^i^mm 

^Zttm^L\-^ (mm^ #^2 0 0 0-2 9 7 04 

[0194] >^->^wm^mm-hm<r)m:^mmt. m 

%a±i,z^j:i> X a izmmm&^m.^^ ^tizx-^x. 
^Wizmtih rsfTit^j: < . mm(r>xm(7)Mm t ^ 

[0195] mmi^-o-^Tiin^^(r>mm.^mcr>m'i^i>z 

^:mmiz't^i^-^t^hh. z fiim±-thfzisb. smz 

[0 19 6] ^^l,z, ±mLfzXdl,zT i-^^-ryay 

^hfzi^i,zi,m^cr)$iTmm^:m't^ t fjmt L'^^ 
[0197] mMmyfmt Lxmuimrcoj:o^ 

[0198] mm^§. ■ ^^y kmsj^ji^^^^^x^ct) 

^■^x^^fli-cm^i. mti^. #PjflT7-2o 1 6 

2 0^i>fB#HS) « 

[0199] MmwMn^^m.mwjzj: tm^i -.iriyY 
m^mmt . mmm:mL^^m>amzmmj^^-iv^- 

■thmmm.mMFF^^^y Ym^mm<r^mmBxmm 

m'ttL.i,mm<<zimcn>m'mm. h ^mx . t. tz ^x t s 

^^m^myrtrnmi^zim^iv^ mm. nm^oo 

1-1 1 5 0 4^^|g#BS) 

si5^:tcjEAia«§-ti:^ mui. mm^i i-38 1 1 



[0200] ■ ■ ^^y Yw^mm^znL. m 
§ ^fzmm^^mm-^ims.-^m t . wm%m 
im\t-t. t.tz\mmi'mit^^h^t\,zi.^. 4^>k 
mammco-m.^mm^. mwf^w^m^j:}i^zx 

[020 1 ] ^fz. ^^yv'mu^m^mm<7mmux 
ii. mm^'o^m.mm^htc^'^fzisb. i:^^-mmz-t 
<ntzm.mimm-tfzi^i.z\,±. mm^-y^com'^zn^ 

[0202] mmimmi^-^mh ltjs. mummm 
ib-o^. wim-^nc^iiMz. rmz^-tmrnmn^ 

Mm. m^m) tj^hh. 
[0203] • ^mm-^^^y y^mammwh^mmt 

m//t.fz\mn. smsm<^mmLfz^m) 

mz^x. . ■^mmi'^itiy Ym^m^wmmtmm^ 

^^^tl^zi^r) 4i> ]^m^mmmM^z^mMML'f-<7M 

m^mm-h {mt\mm2 o o i - e 9 o 9^&ig, 
mm^i 1-38 1 m^^mmm) . 
[0204] ■ ^MJ^^E!lil^^> vmumBwmmi^zn 
t. mttf-^'!fWL^^tzmmt.fz\mm. Ts^^yru^^- 

'mmii'^-^Witfzmm^j:^) inmm^wm-th. 

[0 20 5] tfz. \,-^h^^BP (j^u/u^-^ yf^ y 
y ) m ^ L Ti/^tj^^ ^ <ryHmx:\t . ^- > K 

mm. WMmmyMti:< h hmmm^ztiv^wjfm 
{z^mitxh^mmt. tz^t^m^m'^m. mmmmt^ 
tsi6x^.;w^-^#i^ i t ^zx D ^^y }^mE)mw 
mmi,zmwm.^^mm^mm-h immw- 5-302 
1 7 6-^i.^##H?j . ito:^^*., wmf<z$mMi>x 

[0206] iki^z. m^<^vm}^'^%mmcr>mimm 

[0 207] N i %mm^m\s.Lfzm^i.i. m± 
tt. ^mzi^[zm.tLX\^^^fz^. =^-^m^tcr,oy:f 
mmBizmmxh^. ttz. mim^^ibrzib'y^^ 
comm-iti^zx >ommmi¥mzmiibxmiifzm^^n^^ 
tt^x^^fzub. uDDmmsh^}^t,zKfmi,zm^^(^ti 
So i^-o^mmfS.^mjE^t-t&ztx. xh^ 
^tsb-y § ifi^mt^ K) . ^^y }^m6 t<D^mmzm>b 
xmtifzmm^mm- ^zt *^-c § t » 
[0208] N i ^mmi>±mn^:]Pxrcox 3 1 lt 

[0 20 9] l^-o^mtLXli. Vvh?§. XT-rU>' 

. -^Wi.mm^j: ycr>^J;^cr>m ffiffl-r ^Zt t^X # 
1.0 i^c. Smi^zmtX. ^;W4^yT5H\ -f'yX^U 



(ei) )03-158008 (P2003-158008A) 



[0 2 10] j;v^:i)>\ ^mah-^^b^h 

[02 1 1 ] ifc. *±iKSjlOS»^flJfPt-|.C^:fc 

i D . c u ^y^c 1 -i^y^j:}i(^m-M.4 y^y^m^ 

[02 12] CuA6'5§M«^ffML>tMi:, 

'It, ^m^zn^zm.tix\^^ifzi^. "^-^m^t^Duyy 
mmEizmmx'h i. . cutb^^ mmim^m&izmti 

msh\,zm^^hmui,ztjmt<zm^-^^tx.i. . 

[0 2 13] CuA6-:.#MM{ii6^##S^jaDffiCffitL 

mizmmyntWB'^m\^mm:^^zi5\-^xi±. ^■ 
-/yif:-yt^^\^{z< < , ^t^,fL^^l5{i:^5p°^^^?)ffl.^ 

x^ . wMizw 0 mMmm<^mr^mm-t^ ztmm 

[0 2 14] §^>t:Cu*6-:>#«Mi4. -^^iMlDtCffitL 

hfSfx^j:<. mm^^mmwrnti'^-^mxh^') , ±>tc^m 
{s\ SlJ^^TLX1S^ift^t^r< t i,, cunb-i^^ndtz 

[0215] ^^<7^^±m.^7i<y Y'mEfm^mzm.mc 

-5 # mmti-x^'^^< . ^<omm^}m l v -^tiK *%0gco 

m^itmm'j^-^j:^'>fz^. ^-y^imzx-yxamMc unb 

-5 # t ttrnm^^ t:^f ^ ^ t h . 

[ 0 2 1 6 ] c unb-o^mmimnmrcoj: a iz lx 

[0 2 1 7] a^-sSvSt LTJi:. v-ry-ft^s, b°nUy 



?g . E D T PCiW£ t'O r /L-^ U '[446 -3 § S L ^ . 

mkmrn-thzbifix^h. 
[ 0 2 1 8 ] z 11*6-5 mm^mm^fzm^\m-M'mz 

[0219] Z nJ6o ^«±^Ji.{fl;JlTO i 5 t LT 
[0 22 0] 46-5 t^^SisLTJi. y'y^-h?§. tnU 
am^^-thZbifX^h. «mZni6'DiMJK«i:a 

[022 1] Cr46-o*Mll^JgJ^^l..l-kt:iii9, B 

wmfjibimibxmifzm'Mmi^^hm^-knh z b 

ifix^h. mt^Kfzmuim^^. ^mzm.fix\-^hfz 

[ 0 2 2 2 ] C ra6-:. #MM«^Ji{mTO J; d t tT 
10 2231 l^-^^mbLXlt. -^-i^j^yhm. y-y 

[0224] C rl^-o^limm^&iJifim^^fzl^. C r 

m^imK. mmmi,z^*<^^mi:^^L. m^m^i^^H 
m^mm-^-^mm^$)hfzi^. cri!b-y^(DTmmb 

txN mtp b'^mf^-th z b ff^mt 
[0 22 5] sni^'-.>^mm^mm.-t6zbi,zj:^). m 
b'mi^xmtLfzm±m^i-hmE^%^ z b 

^mzy^cl. 

[0 226] S ni6o ^MMti^JxHOT^^ i o izLX 

[0 22 7] i^-o^mbLxit. w^m^^. 120^-0-^^ 

t Yn^^vmmm^b'co-^iimcomimm-t^zbti^ 

^y^±i^b^?>mm^imm^^zbtimtL^\ 

^±i^b^^T/i-^vm^^^mm^tzb ti^m tt^y. 
[0228] nb-o^mmm^mf^tt^fzMz^ 

i^'^^mmM'^.vxti^ziimLxmmtt^'^b'co^m 

^mm-ti^zbtiix^^. 

[0 22 9] SnJ6-5§Mli{±^^>y6Ks Snib-o^W. 
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[0 2 3 0] -:^r. 4!E«ffA6-5#l!gMi:LT{i. Cu. 

Ni, Co, Au. Ag, Pd, Sn, Zn}5j:Z/^ti 

mb-^^) m-h^hw ^tt^tK ^>Kig5tc^5KSii 

(7)-^^ (^Ji.{fN i -P-^^'^N i -B^#) *iaS L 
[023 1] ^{i, aj^?fft±iRJE=5ri:"t^Ml:^ 

M^C ( H 'y ) i:"c7)rn1li^ [lljgt-|> .1 i: ;^>^tg 

[0232] mLfm-k^-^ntfziib^zitmw-ii i //m 

m\i2Q umtimt.L<. mMib-)%b<7y\mt<zx^M 
mmsb o # Jico«J¥* 1 0 m\:xr\,z-t^ z. t *u o m 

[ 0 2 3 3 ] * 3t . iib'y^mmf^U±!^mitcO\^±.^j: 

!c\ a<7(7)ge^^}t/^c~f-?t:a6[cPTFE (t-:7d>') ^ 

[0234] mf^^^mmn^mx'i^ i ^Jif t 

[023 5] ^^Bflfcfcfti. ^> KM5JjS;ff^#:O^Bt 

[0236] ib'3-^mmi:Wm^hfzisb<7y>^'3i^mi 
P H ;6^fSv ^ t , ±3*0*±«7C«i^^gtfi tcff 3 

mjtmcoimzmK 46-^ # igjgittitey*-;!^*^^ 

•r S Saj&i I. « 2|5:^BBl;i3 ft I. h' 1^5?^J^*{ii6 

hti^. i6-5#?ic0pH{±3~l 3. a* L<{i:5~l 2 
[0237] ib'y^m.c^)plii)^3 J:Kii&\'^tmj^-th^ 

±m7tm<7)miii^zj:^mmm^mi-tts^tL^^h o . 4 



^5 ^ t izx iommmfS.f/mm^Kfz d . ^r^bi^'t^-':^ k 

[ 0 2 3 8 ] 4fc. i>6-5 ^y^ij^jtc* 

iOtS^-i' ^>'vllS« 3 0 g/ LtiTtcW;t -g. .1 1 

L<. 2 0 sXi^m'iznx.h^it^^^'omtLw 

[0 23 9] tfz. Cuitb-o^T^xb'. *^A«tfOae«! 

[ 0 2 4 0 ] 46 BtOjSvStt^ nm^Oy? % 'mz]^ 

\ixwKmM-ttv,t^\-^t^. mn\t2 o°c— 9 s^'ct-* 

[0 24 1 ] filffl-ri.a6-5#^ai; tT{4, 
[0242] ±MLfcJ; at:T i•g■^^-^y^>' 

[0243] S^mmib'ymmiS.jft LXi±. ^jRjg; 
[0244] ieiUfeMis^o i^mtiJoV^TfifJlSf^t^am 

i'~^j:K^m\'^xmMLfzmm^ms.mir^h^him 
[024 5] u^fmi^-^^m^zuK-^x^mm^t^zym 

comm^nm-thtzi^'^z. ^-y^mm^^mcoim'^m 
mvfz^. ib-^^m^mnLfz^Lx. 9t&Ltz7m^ 

[0246] n^mM^-y^tiZm-^X^ ^>K^5±t 

^^m.oi,o\,zm,^^^h^'Lifix%h<nx. PdMM 
nn-ts: iio^mmm t nzmamm^mizmm^^x^ h 

ty. m.titzmm^ii^^^hm^i,zii^y^^s^ -jv^ 

0, mmib'yt'mcDmmimmk\sim(^)ifmx\ ±mm 
m^mmmmizmisbQ.A.fz^^i, r Kimt 
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[0247] t^c, #t:*fttJ)j!<B^f¥tffiLB!cff^t:J;l> 

9X h^-i;(c J; 0 . ^fflSrffi^tLT t a^.\.. 
[ 0 2 4 8 ] *^0H(c J; ht^y Ym?^mimz\±^ 

[0249] aj^A6o#}§tcfcViT{±, «mtfttJS-^-l. 

^ajiJcitt hh{z., Wim^mzk lt^n d^p e 
<nm^'Tfm^z)i.h^^^nmthtz^\,zm^m^^ 

[02 50] mz^ m^(^^wsb'^^wm.<mm.^m 

[02 5 1] Q-M>sb'o%wm^'mm^tzm;&,t. 
'ft. mmz'm\zm:hx\^hfz^^ ^-^ffl^t-ou^^- 

^ffuizm^-^^mGiztmt^zm^^^tL^ , 

[0 2 5 2] Cu(s6'>Siio§S>bi9ttt:fttl. 
-5 g= ^ tf 3 /iftf t> 7L ^ ^ § <■■ i ^: //■Blt^T-J) 19 , 1 M 

[ 0 2 5 3 ] C u 46-5 #1Sll{4^J;c{f J; 3 LT 

[0 2 54] yjot^St LTJin.yv-a:;!^:^?^, EDT 

[02 55] N i isb-y^W.m^m^LtzmUl.i. 

tt. ^mzmi,zm.ixx\^^^fz^. ^E-^m^t'c^uy^ 

mm^izmmTh h . #t46 o § jgiEf t-t i. ; ^ 

HDD fflfPrfi,:^ i:' \-^i^flh. 
[02 56] N i 46-? ^MUti^JiJmTO i a LT 

>'MtS^ri:"^jl7i:Mi; tTfflv^/::N i - ^ im 

LTfflV-^fcN i -646-5 ^^«ffl-f-|.^^:j&^"C# 
[0 2 58] N i -Pcs^-^g^tCiSV^-r, Mffi^JOPcO-i- 
*S'^7— 1 5wt%Srfc-r-g>>IttJ; 011:^14^ WJ* 



[0259] ■^^m<^>^'y^w.mi^'^^^^y\^mG 

m^mm. m^-^m(n>m^m0mzmmx^^ 
tiK ^'s.mz^iti^^\<^Kmm^<^^^y vm^t^zax^xm 

[ 0 2 6 0 ] tfc. 46-5#MMfcj; ^miitzimmmm 

i^-tc^x-m^ma. vy^^nmrns. mi^zmmimm 
JiJiTo#±M'i^'>' vm^izmztmi^zum &tL^. t 
tz. N iisb'o^mm^nmmi<z^^:i>^±m^^y}^m?G 
li. m.ii.fzmmmmm:^-h. m^m^<om$mK±x 
^hfzisb. H D D )i<mmmMi<zmi<zni<zmm 

[026 1] vxr. :^WM<7^mmimm- . 
[0262] {mmm i ) !^->%mmsMm 

< T i -i-^-^ y =7 >-,-K i>' -7 h m^m-Mcn>^m > N d : 

8 . 9iS^%. B : 1 2 . 6iS-?%s T i : 3 . 0®^ 
C : 1 . 4il^%. Nb : 1 . Qm.=F-%. e 
o^Mlj^t^^S i a lCiS-^t/SM^5 k g ^tttl^F^t^ 

^XLfzm. 5 0 k P a(C«^f t/^ArUHmtt'fCS 

[ 0 2 6 3 ] X h y 'yy°^-T:^.Vm^mx^X%^fltz'k 

^mmt-^m^^^^wmLtz. ^^wm^zn^ i^m^m 
m.-th:iti<zx-ox. ■^■^sm^i^s.-h^iYhx. o 
-)vmmmmm. 1 4 m/#(^TIlIlK•r'l.liyl^lK^o^^r^^la 
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